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PREFACE. 


It is now ten years since the publication of the last translated 
edition of this Work, and the changes in quantitative analysis 
during this period have necessitated an entire revision of every 
part of the book. 

The present Volume, though only the first instalment of 
the Work, is complete in itself, and to render it more useful I 
have added an Index, which has been earefully prepared, and 
is believed to be as full as it can practically be made. 

A translation of the Second Volume will follow as soon as 
the German original is ready. A summary of its contents will 
be found on p. 6. 

The old notation is retained in our translation by the 
express wish of the Author, who states that he shares with 
the highest authorities in Germany, “a most firm eonviction 
that for Inorganic Chemistry it is the simplest and the best.” 

A. V. 


London, March, 1876 . 
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INTRODUCTION. 


Aft we have already seen in the Introduction to my Qualitative Ana- 
lysis,” — to which the present work may be regarded as the sequel — 
Chemical Analysis comprises two branches, viz., qualitative analysis, 
and quantitative analysis ; the object of the former being to ascertain 
the nature, that of the latter to determine the amount, of the several 
component parts of any compound. 

fey qualitative analysis we convert the unknown constituents of a 
body into certain known forms or combinations; and we are thus 
enabled to draw correct inferences respecting the nature of these un- 
known constituents. Quantitative analysis attains its object, according 
to circumstances, often by very different ways ; the two methods most 
widely differing from each other, are analysis by weight, or gravimetric 
analysis, and analysis by measure, or volumetric analysis. 

Gravimetric Analysis has for its object to convert the known consti- 
tuents of a substance into forms or combinations which will admit of 
the most exact determination of their weight, and of which, moreover, 
the composition is accurately known. 

These new forms or combinations may be either educts— t.e., bodies 
which were present as such in the analysed substance (such as water 
in crystallized sulphate of soda, or charcoal in gainpowder), or they may 
be products, Lc,, bodies which have been formed from the constituents 
of the analysed substance by the addition of other elements (such as 
carbonic acid and water by tLe combustion of paraffin, or sulphate of 
baryta by the mixture of chloride of barium with sulphuric acid). In 
the former case, the ascertained weight of the eliminated substance is 
the direct expression of the amount in which it existed in the compound 
under examination ; whilst in the latter case, the quantity in which the 
eliminated constituent was originally present in the analysed compound, 
has to be deduced by calculation from the quantity in which it exists 
in its new combination. 

The following example will serve to illustrate these points Sup- 
pose we wish to determine the quantity of mercury contained in the 
chloride of that metal ; now, we may do this, either by precipitating 
tlie mercury in the metallic state from the solution of the chloride, say 
by means of protochloride of tin ; or we may attain our object by pre- 
cipitating the solution by sulphuretted hydrogen, and weighing the 
precipitated sulphide of mercury. 100 parts of chloride of mercury 
consist of 78*82 of mercury and 26*18 of chlorine; consequently, if 
the process is conducted with absolute accuracy, the precipitation oi 
^ QUANT. VOL. I. ® 
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100 parts of chloride of mercury by protochloride of tin will yield 73*82 
parts of metallic mercury. With equally exact manipulation the other 
metiod yields 85*634 parts of sulphide of mercury. Now, in the former 
case we find the number 73*82 directly ; in the latter case we have 
to deduce it by calculation : — (100 parts of sulphide of mercury con- 
tain 86*207 parts of mercury; how much mercury do 85*634 parts 
contain ?) 

100 : 85-634:: 86*207 : 73 - 82 . 

As already hinted, it is absolutely indispensable that the forms into 
which bodies are converted for the purpose of estimation by weight 
should fulfil two conditions, first, they must be capable of being weighed 
exactly, secondly, they must be of known composition ; for it is quite 
obvious, on the one hand, that accurate quantitative analysis must be 
altogether impossible if the substance the quantity of which it is in- 
tended to ascertain, does not admit of correct weighing ; and, on the 
other hand, it is equally evident, that if we do not know the exact 
composition of a new product, we lack the necessary basis of our cal- 
culation. 

Volu?netric Analysis is based upon a very different principle from that 
of gravimetric analysis — viz., it eftects the quantitative determination 
of a body, by converting it from a certain definite state to another 
eoually definite state, by means of a fluid of accurately known power 
01 action, and under circumstances which permit the analyst to mark 
with rigorous precision the exact point when the conversion is accom- 
plished. The following example will serve to illustrate the principle of 
this method : — Permanganate of potassa added to a solution of sulphate 
of protoxide of iron acidified with sulphuric acid, immediately converts 
the protoxide of iron to sesquioxide ; the permanganic acia, which is 
characterized by its intense color, yielding up oxygen and changing 
to protoxide of manganese, which combines with the sulphuric acid 
present to colorless sulphate of protoxide of manganese. If, therefore, 
to an acidified fluid containing protoxide of iron, we add, drop by drop, 
a solution of permanganate of potassa, its red color continues for some 
time to disappear upon stirring ; but at last a point is reached when 
the coloration, imparted to the fluid by the last drop added, remains : 
this point marks the termination of the conversion of the protoxide of 
iron to sesquioxide. 

Now, by accurately determining the strength or power of action of 
the solution of permanganate of potassa — \^ich is done simply by 
making it act upon a known quantity of protoxide of iron in solution, 
and correctly noting how much of it is required to effect the conversion 
of that protoxide to the state of sesquioxide — we are now able with this 
solution to determine the exact amount of protoxide of iron present in 
any solution. Thus, we will assume, for instance, that we have found 
it takes exactly 100 parts of our solution of permanganate of potassa to 
oxidize 2 parts of protoxide of iron ; if now, in testing, with this stan- 
dard solution of permanganate of potassa any solution containing an 
unknown quantity of protoxide of iron we find that 100 parts of our 
standard fluid are required to oxidize the iron, we know at once that 
the examined fluid contained exactly 2 parts of protoxide of iron ; if 
50 parts are required, we know that 1 part of protoxide of iron was 
present, and ^so on. Accordingly, by simply measuring the quantity 
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xised of our standard solution of permanganate of potassa, we arrive ,at 
once at an accurate knowledge ot the amount of protoxide of iron. 

As the process of measuring is mostly adopted, in preference to that 
of weighing, for determining the quantity used of the standard fluid, 
we give to this analytical method tne name of volumetric analysis. It 
generally leads to the attainment of the object in view with much 
greater expedition than gravimetric analysis. 

To this brief intimation of the general purport and object of quanti- 
tative analysis and the general mode of proceeding in analytical re- 
searches, I have to add that certain qualifications are essential to those 
who would devote themselves successfully to the pursuit of this branch. 
These qualifications are, 1, theoretical knowledge; 2, skill in manipu- 
lation ; and 3, strict conscientiousness. 

The T)reliminary knowledge required consists in an acquaintance 
with qualitative analysis, the stoichiometric laws, and simple arithmetic. 
Thus prepared, we shall understand the method by which bodies are 
separated and determined, and we shall he in a position to perform our 
calculations, by which, on the one hand, the formul.e of compounds are 
deduced from the analytical results ; and on the other hand, the cor- 
rectness of the adopted methods is tested, and the results obtained are 
controlled. 

To this knowledge must be joined the ability of performing the 
necessary practical operations. This axiom generally holds good for 
all applied sciences, but if it is true of one more than another, quan- 
titative analysis is that one. The most extensive and solid theoretical 
acquirements will not enable us, for instance, to determine the amount 
of common salt present in a solution, if we are without the requisite 
dexterity to transfer a fluid from one vessel to another without the 
smallest loss by spirting, running down the side, The various 
operations of quantitative analysis demand great aj>titude and manual 
skill, which can be acquired only by practice. But even the possession 
of the greatest practical skill in manipulation, joined to a thorough 
theoretical knowledge, will still prove insufficient to insure a successful 
pursuit of quantitative researches, unless also combined with a sincere 
love of truth and a firm determination to accept none but thoroughly 
confirmed results. 


Every one who has been engaged in quantitative analysis knows 
that cases will sometimes occur, especially when commencing the 
study, in which /ioubts may be entertained whether the result will 
turn out correct, or in which even the operator is positively convinced 
that it cannot be quite correct. Thus, for instance, a small portion of 
the substance under investigation ma}'^ be spilled, or some of it lost by 
decrepitation ; or the analyst may have reason to doubt the accuracy 
of his weighing ; or it may happen that two analyses of the same 
substance do not exactly agree. In all such cases it is indispensable 
that the operator should be conscientious enough to repeat the whole 
process over again. He who is not possessed of this self-command, 
who shirks trouble where truth is at stake, who would be satisfied with 
mere assumptions and guess-work, where the attainment of positive 
certainty is the object, must be pronounced just as deficient in the 
necessary qualifications for quantitative analytical researches, as he 
who is wanting in knowledge or skill. He, therefore, who cannot 
fully trust his work; who cannot swear to the correctness of his results, 

B 2 
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may indeed occupy liimself with quantitative analysis by way of 
practice^ but he ought on no account to publish or use his results as if 
they were positive, since such proceeding could not conduce to his 
own advantage, and would certainly be mischievous as regards the 
science. 

The domain of quantitative analysis may be said to extend over all 
matter — that is, in other words, anything corporeal may become the 
object of quantitative investigation. The present work, however, is 
intended to embrace only the substances used in pharmacy, arts, trades, 
and agTiculture. Quantitative analysis may be subdivided into two 
branches — viz., analysis of mixtures, and analysis of chemical com- 
pounds. This division may appear at first sight of very small moment, 
yet it is necessary that we should establish and maintain it, if we would 
form a clear conception of the value and utility of quantitative research. 
The quantitative analysis of mixtures too has not the same aim as that 
of chemical compounds ; and the method applied to secure the correct- 
ness of the results in the former case is ditferent from that adopted in 
the latter. The quantitative analysis of chemical compounds also 
rather subserves the purposes of the science, whilst that of mixtures 
belongs to the practical purposes of life. If, for instance, I analyse the 
salt of an acid, the result of the analysis will give me the constitution 
of that acid, its combining proportion, saturating capacity, &c . ; or, in 
other words, the results obtained would enable me to answer a series of 
questions of which the solution is important for the theory of chemical 
science. But if, on the other hand, I analyse gunpowder, alloys, 
medicinal mixtures, ashes of plants, &c., I have a very different object 
in view j I do not want in such cases to apply the results which I may 
obtain to the solution of any theoretical question, but I want to render 
a practical service either to the arts and industries, or to some other 
science. If in the analysis of a chemical compound, I wish to control 
the results obtained, I may do this in most cases by means of calcula- 
tions based on stoichiometric data, but in the case of a mixture a second 
analysis is necessary to confirm the correctness of the results afforded 
by the first. 

The preceding remarks clearlv show the immense importance of 
quantitative analysis. It may, indeed, be averred that chemistry owes 
to this branch its elevation to the rank of a science, since quantitative 
researches have led us to discover and determine the laws which govern 
the combinations and transpositions of the elements. Stoichiometry is 
entirely based ujion the results of quantitative investigations; all 
rational views respecting the constitution of compounds rest upon them 
as the only safe and solid basis. 

Quantitative analysis, therefore, forms the strongest and most 
powerful lever for chemistry as a science, and not less so for chemistry in 
Its applications to the practical purjioses of life, to trades, arts, manu- 
factures, and likewise in its application to other sciences. It teaches 
the mineralogist the true nature of minerals, and suggests to him 
principles and rules for their recognition and classification. It is 
an indispensable auxiliary to the physiologist; and agriculture has 
already derived much benefit from it ; but far greater benefits may be 
predicted. We need not expatiate here upon the advantages which 
medicine, pharmacy, and every branch of industry derive, either 
directly or indirectly, from the practical application of its results. On 
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the other hand, the benefit thus bestowed by quantitative analysis upon 
the various sciences, arts, &c., has been in a measure reciprocated by 
some of them. Thus whilst stoichiometry owes its establishment to 
quantitative analysis, the stoichiometric laws afford us the means of 
controllinff the results of our analyses so accurately as to justify the 
reliance which we now g'enerally place on them. Ag’ain, whilst quan- 
titative analysis has advanced the progress of arts and industry, our 
manufacturers in return supply us with the most perfect platinum, 
glass, and porcelain vessels, and with articles of india-rubber, without 
which it would be next to impossible to conduct our analytical opera- 
tions with the minuteness and accuracy which we have now attained. 

Although the aid which quantitative analysis thus derives from 
stoichiometry, and the arts and manufactures, greatly facilitates its 
practice, and although many determinations are considerably abbre- 
viated by volumetric analysis, it must be admitted, notwithstlinding, 
that the pursuit of this branch of chemistry requires considerable ex- 
penditure of time. This remark applies especially to those who are 
commencing the study, for they must not allow their attention to be 
divided upon many things at one time, otherwise the accuracy of their 
results will be more or less injured. I would therefore advise every 
one desirous of becoming an analytical chemist, to arm himself with a 
considerable share of patience, reminding him that it is not at one 
bound, but graduall}^, and step by step, that the student may hope to 
attain the necessary certainty in his work, the indispensable self- 
reliance which can alone be founded on one’s own results. However me- 
chanical, protracted, and tedious, the operations of riuantitative analysis 
may appear to be, the attainment of accuracy will amply compensate 
for the time and labour bestowed upon them ; whilst, on the other 
hand, nothing can be more disagreeable than to find, after a long and 
laborious process, that our results an* incorrect or uncertain. Let him, 
therefore, who would render the study*of quantitative analysis agreeable 
to himself, from the very outset endeavor, by strict, nay, scrupulous 
adherence to the conditions laid down, to attain correct results, at any 
sacrifice of time. I scarcely know a better and more immediate 
reward of labor than that which springs from the attainment of 
accurate results and perfectly corresponding analyses. The satisfac- 
tion enjoyed at the success of our efforts is surely in itself a sufiicient 
motive for the necessary expenditure of time and labor, even without 
looking to the practical benefits which we may derive from our 
operations. 

The following are the substances treated of in this work : — 

I. Metalloids. 

Oxygen, Hydrogen, Sulphur, [Selenium,] Phosphorus, Chlorine, 
Iodine, Bromine, Fluorine, iSitrogen, Boron, Silicon, Carbon. 

II. Metals. 

Potassium, Sodium, [Lithium,] Barium, Strontium, Calcium, Marae- 
sium. Aluminium, Chromium, [Titanium,] Zinc, Manganese, Nimcel, 
Cobalt, Iron, [Uranium, Thallium,] Silver, Mercury, Lead, Copper, 
Bismuth, Cadmium, [Palladium,] Gold, Platinum, Tin, Antimony, 
Arsenic, [Molybdenum]. 
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I have divided my subject into three parts. In the firsts I treat of 
quantitative analysis generally ; describing, 1st, the execution of 
analysis ; and, 2nd, the calculation of the results obtained. In the 
second, I give a detailed description of several special analytical pro- 
cesses. And in the third, a number of carefully selected examples, 
which may serve as exercises for the groundwork of the study of 
quantitative analysis. 

The following table will afford the reader a clear and definite notion 
of the contents of the whole work : — 

I. GENEKAL PART. 

A — Execution of Analysis. 

1. Operations. 

2. Reagents. 

3. Forms and combinations in which bodies are separated from 
others, or in which their weight is determined. 

4. Determination of bodies in simple compounds. 

5. Separation of bodies. 

6. Organic elementary analysis. 

B — Calculation op the Results. 

II. SPECIAL PART. 

1. Analysis of waters, and more especially of mineral waters. 

2. Analysis of such minerals and technical products as are most 
frequently brought under the notice of the chemist ; including methods 
for ascertaining their commercial value. 

3. Analysis of the ashes of plants. 

4. Analysis of soils. 

‘ 5. Analysis of manures. * 

6. Analysis of atmospheric air. 

III. EXERCISES FOR PRACTICE. 

APPENDIX. 

1. Test experiments. 

2. Tables for the calculation of analytical results. 
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THE EXECUTION OF ANALYSIS. 


SECTION 1. 

OPERATIONS. 

§ 1 . 

Most of the operations performed in quantitative research are the same 
as in qualitative analysis, and have been accordingly described in my 
work on that branch of analytical science. With respect to such opera- 
tions I shall, therefore, confine myself here to pointing out any 
modifications they may require to adapt them for application in the 
quantitative brancli ^ but I shall, of course, give a full description of 
such as are resorted to exclusively in quantitative investigations. 
Operations forming merely part of certain specific processes will be 
found described in the proper place, under the head of such processes. 

§ 2 . 

I. Determination of Quantity. 

The quantity of solids is usually determined by weight ; the quan- 
tity of gases and fluids in many cases by measure ; upon the care and 
accuracy with which these operations are performed, depends the value 
of all our results 5 I shall therefore dwell minutely upon them. 

§ 3 . 

1. Weighing. 

To enable us to determine with precision the correct weight of a 
substance, it is indispensable that we should possess, 1 st, a good 
balance, and 2 nd, accurate weights. 

a . The Ba^»ance. 

Fig. 1 represents a form of balance well adapted for analytical pur- 
poses. Although the theory of the balance belongs to the province of 
Natural Philosophy, there are several points in connexion with it which 
every analyst should understand, so that he may be able to test the 
instrument, and may avoid mist^es in his weighing. Experience has 
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shown me that many young chemists do not possess su£&ciently clear 
views on the subject. 

The useiulness of the balance depends upon two points j 1st, its 
accuracy y and 2nd, its sensilnlity or delicacy. 

§ 4 . 

The accuracy of a balance depends upon the following condi- 
tions : — 

o. The axis or the edge on which the beam rests must lie dbove the centre of 
gravity of the balance. 



This is in fact a condition essential to every balance. If the 
centre of gravity fell in the axis, the beam would not oscillate, but 
remain in any position in which it were placed, assuming the scales to 
be equally loaded. If the axis be placed below the centre of gravity, 
the balance will be overset by the slightest impulse. When the axis is 
above the centre of gravity the balance represents a pendulum, the 
length of which is equal to that of the line uniting the point of support 
with the centre of gravity, and this line forms right angles with the 
beam in whatever position the latter may be placed. Now if we impart 
an impetus to a oall suspended by a thread, the ball, after having 
terminated its vibrations, will invariably rest in its original per- 
pendicular position under the point of suspension. It is the same with 
a properly adjusted balance — impart an impetus to it, and it will 
oscillate for some time, but it will invariably return to its original 
position ; in other words,, its centre of gravity will finally fall back 
into its perpendicular position under the point of support, and the beam 
must consequently reassume the horizontal position. 

But to judge correctly of the force with which this is accomplished, 
it must be borne in mind that a balance is not a simple pendulum, but 
a compound one, i.e.y a pendulum in which not one, but many material 
points move round the turning point. The inert mass to be moved is 
accordingly equal to the sum of these points, and the moving force is 
equal to tne excess of the material points below, over those above the 
axis. 
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p. Ilie points of suspension of the scales mvst be in a plane with the axis. 
If the axis be placed below the line joining the points of suspension, 
increased loading of the scales will continually tend to raise the centre 
of gravity .of the whole system, so as to bring it nearer and nearer the 
axis; the weight which presses upon the scales combining in the 
relatively high-placed points of suspension. At last, when the scales 
have been loaded to a certain degree, the centre of gravity will shift 
altogether to the axis, and the balance will consequently cease to 
vibrate ; any furtlier addition of weight will finallv overset the beam 
by placing the centre of gravity above the axis. on the other hand, 
the axis be placed above the line joining the points of suspension, the 
centre of gravity will become more and more depressed in proportion 
as the loaaing of the scales is increased ; the line of the pendulum 
will consequently be lengthened, and a greater force will be ^required 
to produce an equal turn ; in other words, the balance will ^ow less 
sensitive the greater the load. But when the three edges are in one 
plane, increased loading of the scales will, indeed, continually tend to 
raise the centre of gravity towards the axis, but they can in this case 
never actually join, and consequently the balance will never altogether 
cease to vibrate upon the further addition of weight, nor will its 
sensibility be lessened ; on the contrary — speaking theoretically — a 
greater degree of sensibility is imparted to it. This increase of sensi- 
bility is, however, compensated by other circumstances. (See § 5.) 

y. The beam must be sufficiently rigid to hear without bending the greatest 
weight that the construetUm of the balance admits of ; since the bending of 
the beam would of course depress the points of suspension below the 
axis, and this would, as we have just seen, tend to diminish the 
sensibility of the balance in proportion to the increase of the load. It 
is, therefore, necessary to avoid this fault by a proper construction of 
the beam. The form best adapted is that of an isosceles obtuse-angled 
triangle, or of a rhombus. 

5. The arms must be of equal length, i.e., the points of suspension of the 
scales must be equidistant from the axis, for if the arms are of unequal 
length, the balance will not be in equilibrium supposing the scales to 
be loaded with equal weights, but th^e will be preponderance on the 
side of the longer arm. 

§ 5 . 

The sensibility of a balance depends principally upon the three 
following conditions : — 

a. The friction of the edges upon their supports must be as slight as possible. 
The friction of the edges upon their supports depends upon the form 
and material of those parts of the balance. The edges must be made 
of good steel, the supports may be made of the same material ; it is 
better, however, that the centre edge at least should rest upon agate 
planes. To form a clear conception of how necessary it is that even 
the end edges should have as little friction as possible, we need simply 
reflect upon what would happen were w^e to nx the scales immovably 
to the beam by means of rigid rods. Such a contrivance would at once 
altogether annihilate the sensibility of a balance, for if a weight were 
placed upon one scale, this certainly would have a tendency to sink ; 
out at the same time the connecting rods being compelled to form 
constantly a right angle with the beam, the weighted scale would 
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incline inwards, whilst the other scale would turn outwards, and thus 
the arms would become unequal, the shorter arm being on the side of 
the weighted scale, whereby the tendency of the latter to sink would 
be immediately compensated. The more considerable the friction 
becomes at the end edges of a balance, the more the latter approaches 
the state just now described, and consequently the more is its sensibility 
impaired. 

The centre of gravity must he as near as possible to the eixis. The 
nearer they are, the shorter becomes the pendulum. If we take two 
balls, the one suspended by a short and the other by a long thread, 
and impart the same impetus to both, the former will naturally swing 
at a far greater angle from the perpendicular than the latter. The 
same must of course happen with a balance ; the same weight will 
cause the scale upon which it is placed to turn the more rapidly and 
completely, the shorter the distance between the centre of gravity and 
the axis. We have seen above, that in a balance where the three 
edges are on a level with each other, increased loading of the scales 
will continually tend to raise the centre of gravity. A good balance 
will therefore become more delicate in proportion to the loading 
of the scales, but, on the other hand, its sensibility will be diminished 
in about the same proportion by the increment of the mass to be moved, 
and by the increased friction; in other words, the delicacy of a good 
balance will remain the same whatever may be the load placed upon it. 
The nearer the centre of gravity lies to the axis, the slower are the 
oscillations of the balance. Hence in regulating the position of the 
centre of gravity we must not go too far, for if it approaches the axis 
too nearly, the operation of weighing will take too much time. 

y. The beam must be as light as possible. The remarks which we have 
just now made will likewise show how far the weight of the beam may 
influence the sensibility of a balance. We have seen that if a balance 
is not actually to become less delicate on increased loading, it must in 
one respect have a tendency to become more delicate by the continual 
approach of the centre of gravity to the axis. Now it is evident, that 
the more considerable the weight of the beam is, the less will an equal 
load placed upon both scales alter the centre of gravity of the whole 
system, the more slowly will tlft centre of gravity approach the axis, 
the less will the increased friction be neutralized, and consequently the 
less sensibility will the balance possess. Another point to be taken 
into account here is, that the moving forces being equal, a lesser mass 
or weight is more readily moved than a greater. (§ 4 a). » 

§ 6 . 

We will now proceed, first, to give the student a few general rules 
to guide him in the purchase of a balance ; and, secondly, to point out 
the best method of testing its accuracy and sensibility. 

1. A balance able to bear 70 or 80 grammes in each scale, suffices 
for most purposes. 

2. The balance must be enclosed in a glass case to protect it from 
dust This case ought to be sufficiently large, and its sides should not 
approach too near the scales. It must be constructed in a manner to 
admit of its being opened and closed with facility, and thus to allow 
the operation of weighing to be effected without any disturbing in- 
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fluence from currents of air. Therefore, either the front part of the 
case should consist of three parts, viz., a fixed centre part and two 
lateral parts, opening like doors ; or, if the front part is made of one 
piece which slides up and down, the two sides of the case must each be 
provided with a door. 

3. The balance must be provided with a proper contrivance to 
render it immovable whilst the weights are being placed upon the scale. 
This is most commonly effected by an arrangement which enables the 
operator to lift up the beam and thus to remove the middle edge from its 
support, whilst the scales remain suspended ; older contrivances fix the 
scales, without raising the middle edge from its plate. It is very con- 
venient to have a stop for the scales as well as one for the beam. New 
balances are always so provided. The usual device for stopping the 
scales consists of two supports immediately below them, whicn slide up 
and down, and are furnished with crossed silk ribands or canfers hair 
brushes. The supports must move with such perfect steadiness, that 
the scales do not shake in the least upon the removal of the supports 
from beneath them (provided, of course, the operation be effected with 
some degree of delicacy and caution). This arrangement, besides faci- 
litating the loading of the scales, affords this advantage — that it enables 
the operator to put an immediate stop to all trembling or shaking of 
the scales, and also the convenience that, in cases where one and the 
same body has to be weighed repeatedly, the weights may be left on 
the scale without risk to the balance. Single stops fixing both beam 
and scales by one and the same act (by a turn), appear to me less prac- 
tical, as the fxing of the scales upon every fresh addition of a small 
weight, whilst answering no rational purpose, impairs the rapidity of 
weighing. It is highly advisable to have the case of the balance so 
arranged that the contrivances for lifting the beam and fixing the 
scales can be worked while the case remains closed, and consequently 
from without. 

4. It is necessary that the balance should be provided with an index 
or pointer to mark its oscillations on a graduated arc ; this index is more 
appropriate!}" placed beneath the axis than at the side of the balance. 

5. The balance must be provided with a pendulum, or with a spirit 
level, to enable the operator to place the three edges on an exactly 
horizontal level ; it is best also for this purpose that the case 
should rest upon three screws. 

6. It is very desirable that the beam should have a decimal 
graduation, so as to enable the operator to weigh the milli- 
gramme and its fractions with a centigramme rider” (Fig. 2). 

Most modern balances are so constructed that the position of 
the rider on the beam may be shifted at pleasure, and without 
opening the glass case, by means of a movable arm which Fig. 2. 
passes through the side of the case.* 

7. The balance must be provided with a screw to regulate the centre 
of gravity, and likewise witn two screws to regulate the equality of the 
arms, and finally with screws to restore instantly the equilibrium of the 
scales, should this have been disturbed. 

* Hemfbl has a very complete arrangement for placing the small weights and 
shiftiog the rider, see Zeitschr. f. anal. Chezn. 4, 83. 1 have, however, no personal 

experience of its working. 
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7. 

The following experiments serve to test the accuracy and sensibility 
of a balance. 

1. The balance is, in the first place, accurately adjusted, if neces- 
sary, either by the regulating screws, or by means of tinfoil, and a 
milligramme weight is then placed in one of the scales. A good and 
practically useful balance must turn very distinctly with this weight ; a 
delicate chemical balance should indicate the of a milligramme with 
perfect distinctness. It should be noted here, that the mere pointing 
of the index to zero is not sufficient evidence of equilibrium. It is 
much better to observe the oscillations of tlie pointer, which if neces- 
sary can be brought about by a movement of the hand near one of the 
scales so as to cause a slight wind. The pointer should traverse very 
nearly tfie same space on each side of the zero, less and less with each 
oscillation, and finallj’^ come to rest at zero. 

2. Both scales are loaded with the maximum weight the construc- 
tion of the balance will admit of. The balance is then accurately 
adjusted, and a milligramme added to the weight in the one scale. This 
ought to cause the balance to turn to about the same extent as in 1. 
In most balances, however, it shows somewhat less. It follows from 
§5/3 that the balance will oscillate more slowly in this than in the 
first experiment. 

3. Tlie balance is accurately adjusted (should it be necessary to esta- 
blish a perfect equilibrium between the scales by loading the one with a 
minute portion of tinfoil, this tinfoil must be left remaining upon the 
scale during the experiment); both scales are then equally loaded, say 
with fifty grammes each, and, if necessary, the balance is again adjusted 
(by the addition of small weights). The load of the two scales is then 
interchanged, so as to transfer that of the right scale to the left, and 
vice versd, A balance with perfectly equal arms must maintain its abso- 
lute equilibrium. 

4. The balance is accurately adjusted ; it is then arrested and again 
set in motion ; the same process should bo rej)eated several times. A 
good balance must invariably leassume its original equilibrium. A 
balance the end edges of which afford too much play to the hook rest- 
ing upon them, so as to allow the latter slightly to alter its position, 
wul show perceptible differences in different trials. This fault, however, 
18 possible only with balances of defective construction.* 

A balance must stand the first, second, and last of these tests. A 
slight inequality of the arms is of no great consequence, as the error 
that it would occasion may be completely prevented by the manner of 
weighing. 

As the sensibility of a balance will speedily decrease if the steel edges 
are allowed to get rusty, delicate balances should never be kept in the 
laboratory, but always in a separate room. It is also advisable to place 
within the case a vessel half filled with calcined carbonate of potassa, 
to keep the air dry. I think I need hardly add that this salt must be 
recalcined as soon as it gets moist. 

* G. Wbstphal, meobanician of Celle, has described a mode of constructirm 
which excludes the possibility of this fault. (Zeitsohr. f. anal. Chem. 7, 294.) 
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§ 8 . 

K The Weights. 

Intrinsically it is quite unimportant what unit of weight is adopted. 
However, most chemists use the gramme on account of its convenience 
for entering in the book and calculating. With regard to the set of 
weights, it is generally a matter of indifference for scientific purposes 
whether the gramme, its multiples and fractions, are actually normal 
weights or not;* but it is absolutely necessary that they should agree 
perfectly among themselves — i.e., the centigramme weight must be ex- 
actly the one hundredth part of the gramme weight of the set, &c. &c. 

Before I describe the testing of the weights, I must call attention 
to the following points. 

1. A set of weights ranging from fifty grammes to one milligramme 

is ftilly sufficient for most purposes. , . . 

2. The weights should be kept in a well-closing box ; and it is 
desirable likewise that a distinct compartment be appropriated to every 
one even of the smaller weights. 

3. As to the shape best adapted for weights, I think that of short 
frusta of cones inverted, with a handle at the top, the most convenient 
and practical form for the large weights. Square pieces of foil, turned 
up at one corner, are best adapted for the small weights ; the foil used 
for this purpose should not be too thin, and the compartments should 
be laro-e enough, or else the smaller weights will soon get crinkled and 
defaced. Each weight (with the exception of the milligrammes) should 

be distinctly marked. . , , ^ /. .. 

4 With respect to the material most suitable tor the manutacture oi 
weights, I think that, although rock crystal is admirably adapted for 
normal weights, it is unsuited for the ordinary weights, as their form 
would be inconvenient, and their price too high. Platinum weights 
would be sure to be universally adopted, were the metal not too 
expensive ; but as it is, we commonly rest satisfied with having the 
smaller weights only, from 1 or *5 gramme downwards, made of 
platinum foil, using brass wei|rhts for all the higher denominations. 
Brass weights must be carefully shielded from the contact of acid or 
other vapors, or their correctness will be impaired ; nor should they 
ever be touched with the fingers, but always with small pincers. But 
it is an erroneous notion to suppose that weights slightly tarnished are 
unfit for use. It is, indeed, hardly possible to prevent weights for any 
length of time from getting slightly tarnished. I have* carefiilly 
examined many weights of this description, and have found them to 
correspond with one another as exactly as at first. The tarnishing 
coat is so extremely thin, that even a very delicate balance will generally 
fail to point out any perceptible difference in the weight. It will, 
however, be found very advantageous to gild the brass weights pre- 
viously to the final adjustment. 

The following is the only proper way of testing the weightSy to see 
whether they agree among themselves : — 

* Still it would be desirable that the makers of analytical weighU should endea- 
vor to procui-e normal weights. It is very inconvenient, in many cases, to find 
notable differences between weights of the same denomination, but commg fraiu dif- 
ferent makers j as I myself have often had occasion to discover. 
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One scale of a delicate balance is loaded with a one- gramme weight, 
and the balance is then completely equipoised with small pieces of 
brass, and finally tinfoil (not paper, since tnis absorbs moisture). The 
weight is then removed, and replaced successively by the other gramme 
weights, and afterwards by the same amount of weight in pieces of 
lower denominations. The balance is carefiilly scrutinized each time, 
and any deviation from the exact equilibrium marked. In the same 
way it is seen whether the two-gramme piece weighs the same as two 
single grammes, the five-gramme piece the same as three single 
grammes and the two-gramme piece, &c. In the comparison of the 
smaller weights thus among themselves, they must not show the least 
diflPerence on a balance turning with yV milligramme. In comparing 
the larger weights with all the small ones, differences of to mil- 
ligramme may be passed over. If you wish them to be more accurate, 
you must adjust them yourself. Experience has taught me that it is 
invariably the safest way to test every weight one purchases, no matter 
how high the reputation of the maker may stand. In the purchase of 
weights chemists ought always to bear in mind that an accurate weight 
is truly valuable, whilst an inaccurate one is absolutely worthless.* 

§9. 

c. The Process of Weiohino. 

We have two different methods of determining the weight of sub- 
stances ; the one might be termed direct weighing ^ the other is called 
weighing by substitution. 

In direct weighing the substance is placed upon one scale, and the 
weight upon the other. If the arms of the balance are of eq^ual length, 
and the scales in a perfect state of equilibrium, it is indifferent upon 
which scale the substance is placed in the several weighings required 
during an analytical process ; t.e., we may weigh upon the right or 
upon the left side, and change sides at pleasure, without endangering 
the accuracy of our results. But if, on the contrary, the arms of our 
balance are not perfectly equal, or if the scales are not in perfect 
equilibrium, we are compelled to weigh invariably upon the same 
scale, otherwise the correctness of our results will be more or less 
impaiied. 

Suppose we want to weigh one gramme of a substance, and to 
divide this amount subsequently into two equal parts. Let us assume 
our balance to be in a state of perfect equilibrium, but with unequal 
arms, the ‘left being 99 millimetres, the right 100 millimetres long,- we 
place a gramme weight upon the left scale, and against this, on the 
right scale, as much of the substance to be weighed as will restore the 
equilibrium of the balance. 

According to the axiom, masses are in equilibrium upon a lever, 
if the products of their weights into their distances from the fulcrum 
are equal,” we have consequently ujmn the right scale *99 grm. of 
substance, since 99 x 1 — 100 x *99. If we now, for the puraose of 
weighing one-half the quantity, remove the gramme weight mom the 
left sc^e, substituting a *5 grm. weight for it, and then take off part of 

* Compwe Cbookxb (Chem. News, 15, 191) and K, L. Baxtxb (Zeitsohr. f. anal. 
Chem. 8, 890). 
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the substance from the right scale, until the balance recovers its equi- 
librium, there will remain *495 grm. ; and this is exactly the amount 
we have removed from the scale ; we have consequently accomplished 
our object with respect to the relative weight ; and, as we have already 
remarked, the absolute weight is not generally of so much importance 
in scientific work. But if we attempted to halve the substance which 
we have on the right scale, by first removing both the weight and the 
substance from the scales, and placing subsequently a *5 grm. weight 
upon the right scale, and part of the substance upon the left, until the 
balance recovers its equilibrium, we should have *605 of substance 
upon the left scale, since 100 x *6 = 99 x *505 ; and consequently, 
instead of exact halves, we should have one part of the substance 
amounting to *505, the other only to *485. 

If the arms of a balance are equal, but the scales are not in a state 
of equilibrium, we are obliged to weigh our substances in vessels 
(see § 10, 6), to ensure accurate results. It is self evident that the 
weights in this case must likewise be invariably placed upon one and 
the same scale, and that the difference between the two scales must not 
vary during the course of a series of experiments. 

From these remarks result the two following rules : — 

1. It is, under all circumstances, advisable to place the substance in- 
variably upon one and the same scale — most conveniently upon the left. 

2. if the operator possesses a balance for his own private and 
exclusive use, there is no need that he should adjust it at every weigh- 
ing ; but if the balance be used in common by several persons, it is 
absolutely necessary to ascertain each time whether its state of equi- 
librium may not have been disturbed. 

Weighing hy suhstitution yields not only relatively, but also absolutely 
accurate results j no matter whether the arms of the balance be of 
exactly equal lengths or not, or whether the scales he in perfect 
equipoise or not. 

The process is conducted as follows : the material to be weig'hed — 
say a platinum crucible — is placed upon one scale, and the other scale 
is accurately counterpoised against it. The platinum crucible is then 
removed, and weights substituted for it till equilibrium is restored. It 
is obvious that the substituted weights will invariably express the real 
weight of the crucible with absolute accuracy. We weigh by substitu- 
tion whenever we require the greatest possible accuracy ; as, for 
instance, in the determination of atomic weights. The process may be 
materially shortened by first jdacing a tare (which must of course be 
heavier than the substance to be weighed) upon one scale, say the left, 
and loading the other scale with weights until equilibrium is produced. 
This tare is always retained on the left scale. The weights after being 
noted are removed. The substance is placed on the right scale, 
together with the smaller weights requisite to restore the equilibrium 
of the balance. The sum of the weights added is then subtracted 
from the noted weight of the counterpoise : the remainder will at once 
indicate the absolute weight of the substance. Let us suppose, for 
instance, we have on the left scale a tare requiring- a weight of fifty 
grammes to counterpoise it. We place a platinum crucible on the 
rmht scale, and find that it requires an addition of weight to the extent 
01 10 grammes to counterpoise the tare on the left. Accordingly, the 
crucible weighs 50 minims 10 = 40 grammes. 

QUANT. VOL. I. 
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§ 10 . 

The following rules will be found useful in performing the process 
of weighing : — 

1. The balance is to be kept in a dry room, protected from acid 
fumes, <fi;c., and if possible not exposed to the sun ,* it must stand firmly 
and in a level position. It should not be near a fireplace or stove, 
otherwise it may be unequally warmed. 

2. In ascertaining the weight of a substance, it saves time to try 
the weights in a strictly systematic way. Suppose, for instance, we 
want the weight of a crucible, which subsequently turns out to be 
6*627 grammes ; well, we place 10 grammes on the other scale, and we 
find this is too much ; we place the weight next in succession, 5 
grammes, and find this too little ; next 7, too much ; 6, too little ; 6*5, 
too litfle ; 6*7, too much ; 6*G, too little ; 6*65, too much ; 6*62, too 
little ; 6*63, too much ; 0*626, too little ; 0*027, right. I have 
selected here, for the sake of illustration, a most complicated case \ but 
I can assure the student that this systematic way of laying on the 
weights will in most instances lead to the desired end, in half the 
time required when weights are tried at random. After a little practice 
a few minutes will suffice to ascertain the weight of a substance to 
milligramme, provided the balance does not oscillate too slowly. 

3. The milligrammes and fractions of milligrammes are determined 
by a centigramme rider (to be placed on or between the divisions on 
tne beam) far more conveniently than by the use of the weights them- 
selves, and at the same time with equal accuracy. (Comp. § 0, 0.) 

4. Particular care and attention should be bestowed on entering the 
weights in the book. The best way is to write down the weights first 
by inference from the blanks, or gaps in the box, and to control the 
entry subsequently by removing the weights from the scale, and re- 
placing them in their res]ieclive compartments in the box. The student 
should from the commencement make it a rule to enter the number to 
be deducted in the lower line \ thus, in tlie upper line, the weight of 
the crucible + the substance ; in the low’er line, the weight of the 
crucible. 

6. The balance ought to be arrested every time any change is con- 
templated, such as removing weights, substituting one weight for 
another, cfec.^ or it will soon get spoiled. 

6. Substances (except, perhaps, pieces of metal, or some other bodies 
of the kind) must never be placed directly u})on the scale, but ought to 
be weighed in appropriate vessels of platinum, silver, glass, ])orceluin, 
&c., never on jmper or card, since these, being liable to attract moisture, 
are apt to alter in weight. The most common method of weighing oft 
a substance is to weigh in the first instance the vessel by itself, and to 
introduce subsequently the substance into it ; to weigh again, and 
subtract the former weight from the latter. In many instances, and 
more especially where several portions of the same substance are to be 
weighed, the united weight of the vessel and of its contents is first 
ascertained ; a portion of the contents is then shaken out, and the 
vessel weighed again ; the loss of weight expresses the amount of the 
portion taken out of the vessel. 

7. Substances liable to attract moisture from the air, must be 
weighed invariably in closed vessels (in covered crucibles, for instance, 
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or between two watch-glasses, or in a closed glass tube) ; fluids are to 
be weighed in small bottles closed with glass stoppers. 

8. A vessel ought never to be weighed whilst warm, since it will in ' * 
that case invariably weigh lighter than it really is. This is owing to 
two circumstances. In the nrst place, every body condenses upon its 
surface a certain amount of air and moisture, the quantity of which 
depends upon the temperature and hygroscopic state of the air, and 
likewise on its own temperature. Now suppose a crucible has been 
weighed cold at the commencement of the operation, and is subse- 
quently weighed again whilst hot, together with the substance it 
contains, and the weight of which we wish to determine. If we 
subtract for this purpose the weight of the cold crucible, ascertained in 
the former instance, from the weight found in the latter, we shall 
subtTact too much, and consequently we shall set down less thsgi the 
real weight for the substance. In the second place, bodies at a high 
temperature are constantly communicating heat to the air immediatmy 
around them ; the heated air expands and ascends, and the denser and 
colder air, flowing towards the sjiace which the former leaves, produces 

a current which tends to raise the scale, making it thus appear lighter 
than it really is. 

9. If we suspend from the end edges of a correct balance respec- 
tively 10 grammes of jdatinum and 10 grammes of glass, by wires of 
equal weight, the balance will assume a state of equilibrium ; but if we 
subsequently immerse the platinum and gdass completely in vrater this 
equilibrium will at once cease, owing to the diflerent volume of the two 
substances ; since, as is well known, substances immersed in water lose 
of their weight a quantity equal to the weight of their own bulk of 
water. If this be uorne in mind, it must be obvious to every one that 
weighing in the air is likewise defective, inasmuch as the bulk of the 
substance weighed is not the same with that of the weight. This 
defect, however, so very insignificant, owing to the trifling specific 
gravity of the air in proportion to that of solid substances, that we 
may generally disregard it altogether in analytical experiments. In 
cases, however, where absolutely accurate results are required, the bulk 
both of the substance examined, and of the weight, must be taken into 
account, and the weight of the corresjionding volume of air added 
respectively to that of the substance and of the weight, making thus 
the process equivalent to weighing in vacuo. 

§ 11 . 

2. Measuring. 

The process of measuring is confined in analytical researches mostly 
to gases and fluids. The method of measuring gases has been brought 
to such perfection by Bunsen, by Regnault and Reiset, by Frank- 
LAND and Ward, by Williamson and Russell, and by others, that 
it may be said to equal in accuracy the method of weighing. However, 
such accurate measurements demand an expenditure of time and care, 
which can be bestowed only on the nicest and most delicate scientific 
investigations.* 

* A detailed description of Bunsen's method is to be found in Handworterbuoh 
der Chemie, by LiEBio, Poogendorff and WGhleb, 2, 1063 (art. Eudiometer, by 

C 2 
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The measuring of fluids in analytical work was resorted to first by 
Decroizilles {Alhulinictcr^ 180(5). Gay-Lussac materially improved 
the process, and indeed brought it to the highest degree ot perfection 
(in measuring the solution of chloride of sodium in the wet assay of 
silver). More recently Mohr* has bestowed much care and ingenuity 
upon the production of appropriate and convenient measuring appa- 
ratus, and nas added to our store the eminently practical burette which 
is known by his name. Still, however much the method of measur- 
ing fluids has been perfected, it can never be expected to attain the 
accuracy of weighing. But, as the inaccuracies inherent in the method 
may, in most cases, be reduced to the most harmless proportions by 
appropriate dilution of the fluid to be measured, the process is now 
resorted to even in most accurate scientific investigations j since it 
requii;.es much less time than the process of weighing. 

The accuracy of all measurings depends upon the measuring vessels, 
and also upon the way in which the process is conducted. 


§ 12 . 


a. The Measuring op Gases. 

We use for the measuring of gases graduated tubes of greater or 
less capacity, made of strong glass, and sealed olf round at one end. 
The following tubes w'ill be found suificient for all the processes of gas 
measuring required in organic elementary analyses, and in the analysis 
of atmospheric air. 

1. A bell-glass capable of holding from 150 to 250 c.c., and about 
4 cm. in diameter ; divided into c.c. 

2. Five or six glass tubes, 12 to 15 mm. bore, and capable of holding 
from 30 to 40 c.c. each, divided into \ c.c. 

The sides of these tubes should be pretty thick, otherwise they will 
be liable to break, especially when used to measure over mercury. The 
sides of the bell-glass should be about 3, of the tubes about 2 mm. 
thick. 

The most important point, however, in connection with measuring 
instruments is that they be corrpctly graduated, since upon this of 
course dm)ends the accuracy of the results. For the method of gra- 
duating I refer to Berzelius’s Lehrbvch der Chemie, 4 Aufl. Bd. 10, 
article ^lessen', also to Greville Williams’s Chemical Manipulation, 

In testing the measuring tubes w^e have to consider three things. 

Kolbe), and 1 , 2 ed., 930 (art. Analyse, volumetrische, fur Gase, by Kolbb and 
Fbankland). I would also refer the student of this branch to the very valuable mono- 
graph by Bunsen (Gasometry, translated by Koscoe, London, 1857). The methods of 
measuring gas employed by Regnault and Rkiset, and also by Frankland and Ward, 
differ from the ordinary method improved by Bunsen in the following essential par- 
ticular : in the former case the measuring tubes stand in cylinders filled with water, 
by which means the temperatuie of the gas is in a few minutes brought to that of the 
water, and the time required for a gas analysis is consequently much shortened. 
With Fbankland and Ward’s apparatus the measuring of the gas is also independent 
of the pressure of the atmosphere. Both methods, as a matter of course, require 
complicated and costly apparatus. These ate figured and described minutely in the 
above-mentioned article by Fbankland in the Handwbrterbuch. For Williamson’s 
and Bussell’s apparatus see Jour. Chem. Sue. 17, 238; and for Russell’s modlfi- 
oatioD, Ih. (2), 6, 128. 

* Lehrbuch der Titrirmethode, by Dr. F. Moub. 
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1. Do the divisions of a tube correspond with each other ? 

2. Do the divisions of each tube correspond with those of the other 
tubes ? 

3. Do the volumes expressed by the graduation lines correspond- 
with the weights used by the analyst ? 

These three questions are answered by the following experiments : 

a. The tube which it is intended to examine is jdaced in a perpen- 
dicular position, and filled gradually with accurately measured small 
quantities of mercury, care being taken to ascertain with the utmost 
precision whether the graduation of the tube is proportionate to the 
equal volumes of mercury poured in. For the method of reading off 
the degrees, see below. The measuring off of the mercury is effected by 
means of a small glass tube, sealed at one end, and ground perfectly 
even and smooth at the other. This tube is filled to overflowing by 
immersion under mercury, care being taken to allow no air bubbles to 
remtiin in it; the excess of mercury is then removed by pressing a 
small glass plate down on the smooth edge of the tube.* 

b. Different quantities of mercury are successively measured off in 
one of the smaller tubes, and then transferred to the other tubes. The 
same volume of mercury should fill each tube uj) to the same degree. 

Such tubes as are intended simply to determine the relative volume 
of different gases, need only pass these tw^o experiments ; but in cases 
where we want to calculate the weight of a gas from ^its volume, it is 
necessary also to obtain an answer to the third question. For this 
purpose — 

c. One of the tubes is accurately weighed and then filled with dis- 
tilled water at 17°*5 to the last mark of the scale ; the weight of the 
water is then accurately determined. If the tube agrees with the 
weights, every 100 c.c. of water at 1?°*5 must weigdi 90*78 grm.f But 
should it not agree, no matter whether the error he in the graduation 
of the tube or in the adjustment of the w^eights, we must apply a cor- 
rection to the volume observed befon* calculating the weight of a gas 
therefrom. Let us suppose, for instance, that we find 100 c.c. to weigh 
100 grm. : assuming our weights to be correct, the c.c. of our scale are 
accordingly too large ; and to convert 100 of these c.c. into normal c.c. 
we say : — 

99*78 : 100 :: 100 : ar. 


In gas analysis proper by Bunsen’s methods (which are the 
simplest and most accurate) a suitable eudiometer is indispensable. 
Bunsen’s eudiometer (fig. 3) is a glass tube from 500 to 000 mm. 
long, having a bore of 20 ram., as far as practicable uniform through- 
out, the glass not above 2 mm. thick. At the upper sealed end two 
pieces of fine platinum wire are melted into the glass in opposite 
points ; the inner ends of these wires are clinched down close to the 
side of the glass, approaching each other at the apex of the eudiometer 
to between 1 and 2 mm. 

The tube is graduated into millimetre divisions by means of a very 
ingeniously constructed divider. The volumes corresponding to the 

* Ab warming the metal is to be carefully avoided in this process, it is advisable 
not to hold the tube with the hand in immersing it in the mercury, but with a small 
wooden holder. 

t A gramme is the weight of a c.c. of water in vacuo at 4% 
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several divisional lines are subsequently determined bj measuring’ into 
the tube equal volumes of mercury and noted down in a table. This 
mode of dividing and adjusting measuring tubes is unques- 
^■1 tionably the most accurate. 

f 1^ Besides this large eudiometer another shorter measuring 

tube (fig. 4) is required, also graduated into millimetre divi- 
sions ; it is slightly curved at the lower end. Its length is 
250 mm., its bore 20 mm., the thickness of the glass 2 mm. 
IlH Bunsen’s method of gas analysis requires a laboratory 

with a northern asj)e(*t, of uniform temperature, and takes 
up much time in consequence of the slow cooling of the 
gases. In order to ada})t it to the use of those who do not 
possess a suitable laborator}", and to shorten the process, 
O. Kersten*** recommends that the eudiometer should be 
provided with a screw stopper like Bunsen’s absorption tube, 
should ' - - - 


►I 


and that the volume should be read off after the immersion 
of the eudiometer in water. The same result is attained 
otherwise in J. P. Cooke’s eudiometer. f 


In tlu' meamnufj of gases rvc must have regard to the following 
points : — 

1. Correct reading off. 2. The temperature of 
the gas. 3. The degree of pressure operating upon 
it. And 4. The circumstance whether it is dry or 
moist. The three latter points will be readily un- 
derstood, if it be borne in mind that any alteration 
in the temperature of a gas, or in the pressure 
acting upon it, or in the tension of the admixed 
aqueous vapor, involves likewise a considerable 
alteration in its volume. 

§13. 

1. Correct reading off , — This is rather difficult, 
since mercury in a tube has a convex surface (espe- 
cially observable with a narrow tube), owing to its 
own cohesion; whilst water, on the other hand, 
under the same circumstances has a concave surface, 
owing to the attraction which the walls of the tube exercise upon it. 
The tube should invariably be placed in a perpendicular position, and 
the eye of the operator brought to a level with the surface of the 
fiuid. The first is attained by the help of two plummets suspended at 
a short distance from the tube, and at a proper distance from each 
other, or by the aid of any perpendicular door- or window edges that 
happen to be conveniently situated. The latter is effected by pressing 
a small mirror firmly against the tube, on the opposite side, and fixing 
the centre of tjie eye on the mirror right across the surface of the 
fluid. When the eye is thus placed in the right position, the mirror is 
removed, and the height of the fluid read off 

Bunsen generally adopts a different method firom this last, using a 
telescope placed horizontally at a distance of from four to six paces 
from the eudiometer, and movable in a vertical direction. This arrange- 



* Zeitoohr. f. anal. Ohem. 1, 281. 
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ment, besides greatly facilitating the reading off, affords, also, in the. 
measuring of gases, this additional great advantage, that, as the 
observer is placed at a greater distance from the measuring tube, 
expansion of the gas from his close vicinity to the tube need not be 
apprehended as in reading off with the aid of the mirror. 

In reading off over water, we take the middle of the dark zone formed 
by the liquid that is drawn up around the inner walls of the tube ; in 
reading off‘ over mercury, we take the middle between the highest 
point of the surface of the mercury, and the points at which the latter is 
in actual contact with the walls of the tube. However, the results 
obtained in this way are only approximate. 

Absolutely accurate results cannot be arrived at, in measuring 
over water or any other fluid that adheres to glass. But over mercury 
they may be arrived at if the error of the meniscus be determined and 
the mercury be read off at the highest point. The determinatioia of the 
error of the meniscus is performed for each tube, once for all, in the 
following* manner : some mercury is poured into the tube, and its 
height read off on a level with the top of the convex surface ; a few 
dro])s of solution of chloride of mercury are then poured on the top of 
the metal ; this causes the convexity to disappear ; the height of the 
mercury in the tube is now read off* again ancl the difference noted. In 
the pro(;ess of calibrating, the tube stands upright, in that of measuring 
gases, it is placed upside down ; the difference observed must ac- 
cordingly be doubled, and the sum added to each volume of g^s 
read off. 

The mercury intended to serve in the measuring of gases should be 
pure i it must, more particularly, be as free as possible from lead and 



Fig. 5. 

tin, which impart to it the property of adhering to glass. Should they 
he present, they may be removed by keeping the mercury in contact for 
a aay with dilute nitric acid in a shallow basin, taking care to stir 
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frequently. From dust, &c., mercury may be freed by filtration 
through a cloth. 

Bunsen's pneumatic trough (fig. 6) will be found convenient. A 
is a piece of pear- wood 310—^50 mm. long, 80 — 86 mm. broad j the 
chiselled cavity of the same is 240—250 mm. long, 60 mm. broad and 
50 mm. deep. The bottom of the cavity is round, except at one end, 
where there is a flat surface 32 mm. broad and 50 mm. long. On this 
a plate of vulcanized caoutchouc 3 mm. thick is cemented. To A the 
two end pieces BB are closely joined; they are 19 mm. thick, 
100 — 110 mm. broad, and 150 — 155 mm. high; they form supports 
for A, and also serve as ends to a further trough, whose sides CC 
consist of strong glass, and fit in grooves in A and BB. These plates 
of glass are 310—320 mm. long and 55 mm. high. They are not 
quite parallel ; the lower edges being 67 — 70 mm. distant from one 
anothes, the upper 85 mm. The trough stands on the board DDy to 
which it is fastened by the strip.s of wood ee. A vertical pillar, F, 
screwed into i), carries the inclined channel which is lined with 
felt, and serves to support the measuring tubes during the passing of 
gases, (tc. ; h is around, slanting cut in J?, serving 
to receive the tube ; i is an incision in which the 
lower end of the measuring tube rests, so that it 
cannot fall into the lower part of the trough. 
For use the trough is filled uj) to an inch of the 
top of the glass j)lates, with mercury ; 30 — 35 lb. 
are necessary. The wooden part of the inside of 
the trough is rubbed, first moist and then dry, 
with mercury and solution of chloride of mer- 
cury, in order that the metal may adhere to it. 
To transfer gases which have been collected in 
large bottles, a similar but larger trough is em- 
ployed. 

Last, to determine accurately the volume of a 
gas collected over mercury, it is, before all things, 
necessary that the tube be first filled completely 
with mercury, to the exclusion of all air bubbles, 
previous to the introduction of the gas. To this 
end, the tube, having been rinsed with water, is 
cleaned and dried with filter paper, with the help 
of a wooden rod (fig. 6), whose upper end is pro- 
vided with 10 to 20 little spikes. No filaments 
must be left behind. The filling with mercury is 
effected with the aid of the funnel, fig. 7. This 
should be kept filled with the metal, and its tube, 
which is provided with a narrow exit, should reach 
to the bottom of the tube to be filled. The metal 
thus flowing in from below presents a mirror-like 
surface on the sides of the ^ass. If the operator 
has not such a funnel at his disj)osal, he may fuse 
a small funnel to a glass tube drawn out at the 
Fig. 7. lower end. 



Fig. 6. 
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Q. Influence of temperature . — There are two ways of determining the 
temperature of a gas when measuring it. 1. The temperature of the 
gas is made to agree with that of the confining fluid, or, in the case of 
a closed eudiometer, with that of the water in the cylinder provided for 
the purpose, and then the temperature of the fluid is observed. Or 2. 
A delicate thermometer is suspended by the side of the gas, and its 
indication is noted. 

If the construction of the apparatus permits the total immersion of 
the tube in a fluid, uniformity of temperature between the latter and 
the gas is most readily and speedily obtained ; but if this is not the 
case, the operator must after ever}' manipulation wait half an hour, or 
occasionally a whole hour, before he reads off the mercury in the 
measuring tube and tlie thermometer. * 

Proper care must also be taken, after the temperature of the gas 
has been duly adjusted, to prevent re-expansion during the reading ofl' ; 
all injurious influences in this respect must accordingly be carefully 
guarded against, and the operator should, more especially, avoid Jaying 
hold of the tube with his hand (in })ressing it down, for instance, into 
the confining fluid) ] making use, instead, of a wooden holder. 

As, on account of the necessity of bringing the ^s and the sur- 
rounding air to the same degree of heat, every sudden change of 
temperature is ])rojudicial, it is always advisable to select for the per- 
formance of gas analj^ses a sheltered room with northern aspect. 


§ 15. 

3. Influence oj pressure. — If a gas is confined by a fluid, and the 
level of the latter is the same inside tlie tube as outside, then the gas 
is under the actual pressure of the atmosphere ; which may be found 
at once by inspecting the barometer. But if the confining fluid stands 
higher inside the tube than out- 
side, the gas is under less pres- 
sure, — if lower, it is under greater 
pressure than that of the atmo- 
sphere. In the latter case, the 
level may always be equalized by 
raising the tube ; in the former 
case it may be equalized by de- 
pressing the tube, provided the 
trough is deep enough. When 
operating over w’ater, the level 
may in most cases be readily ad- - 
justed; when operating over mer- 
cury, this is often impossible, 
more especially with wide tubes. 

In the case illustrated in 
fig. 8, we have the gas under the 
pressure of the atmosphere, minm 
the pressure of a column of mer- 
cury equal in height to the line a h. The pressure may be determined, 
therefore, by measuring the length of a 5, and subtracting it from the 
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observed height of the barometer. Suppose, for instance, the barometer 
stands at 758 mm., and the length of a & is = 100 mm., the actual pres- 
sure upon the gas will be 758 — 100 = 658 mm. mercu^. 

If we have water, or some other fluid (solution of potassa, for in- 
stance), over the mercury, we proceed generally as if this were not the 
case ; t.e., we either place the mercury on a level inside and outside the * 
cylinder, or measure the difference between the two surfaces of 
mercury. The pressure of the column of water, &c., floating over the 
mercury, is mostly so trifling that it may safely be disregarded. The 
more correct way, of course, would be to measure the height of the 
column of water, &c., to reduce this to mercury, and to subtract the 
result from the actual height of the barometer. But this correction 
may usually be omitted, since, as has already been stated, absolutely 
correct measuring is impossible under such circumstances. 


§ 16. 

4. Influence of moisture . — In measuring gases saturated with aqueous 
vapor,, it must be taken into account that the vapor, by virtue of its 
tension, exerts a pressure upon the confining fluid. The necessary 
correction is simple, since we know the tension of aqueous vapor for 
the various degrees of temperature. But before this correction can be 
applied, it is, of course, necessary that the gas should be actually satu- 
rated with the vapor. It is, therefore, indispensable in measuring 
^ses to have the gas saturated with aqueous vapor, or else absolutely 

The drying of gases confined over mercury is effected by means of 
a ball of fused chloride of calcium, stuck on a platinum wire ; this is 
prepared by inserting the wire, bent at the lower end in form of a hook, 
into a pistol-bullet mould of about 6 mm. inner diameter, and then fill- 
ing the hollow with chloride of calcium heated just to the fusing point 
(free from caustic lime). The neck sticking to the ball is, after cooling, 
removed with a knife. When it is intended to dry a gas, this ball is, 
with the aid of the wire, pushed through the mercury into the gas ; 
after having been left there for an hour or so, the ball is withdrawn, 
the gas being now perfectly dry. Whilst the ball remains in contact 
with the gas, the end of the wire must be kept below the surface of 
the mercury in the trough, since otherwise we should inevitably have 
diflFusion of the confined gas and the outer air. 

Where it can be done, it is more convenient to measure gases in the 
moist condition, Bunsen effects their saturation with moisture by in- 
troducing a glass rod with a drop of water the size of a lentil adhering 
to it, into the empty measuring tube and casting the water off in the 
top, without wetting any other portion of the tube. The (quantity of 
water thus introduced is more than sufficient, at the common tempera- 
ture, to saturate with aqueous vapor the gas subsequently passed into 
the tube. 


It is quite obvious fi'om the preceding remarks, that volumes of 
gases can be compared only if measured at the same temperature, 
under the same pressure, and in the same hygroscopic state. They are 
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weight of gases from their volume, will be found under the Calculatidn 
of Analyses. 

§17. 

The Measuring of Fluids. 

In consequence of the vast development which volumetric analysis 
has of late acquired, the measuring or fluids has become an operation 
of very frequent occurrence. According to the difierent objects in 
view, various kinds of measuring vessels are employed. The number 
of those that have been proposed has indeed now increased to such an 
extent, that I must forbear discussing all the forms and arrangements 
recommended, and simply confine myself to the description of such 
measuring apparatus as I have found the most practical and convenient 
in nay own laboratory. • 

Before entering into details, I have to observe that the operator 
must, in the case of every measuring vessel, carefully distinguish 
whether it is graduated for holding or for delivering. If you have made 
use of a vessel of the former description in measuring ofP 100 c.c. of a 
fluid, and wish to transfer the fluid completely to another vessel, you 
must, after emptying your measuring vessel, rinse it, and add the rins- 
ings to the fluid transferred ; whereas, if you have made use of a 
measuring vessel of the latter description, there must be no rinsing. 

a . Measuring vessels graduated for holding. 

aa. Measuring vessels which serve to measure out one d^nite qmntity of 
fluid. 

We use for this purpose — 

§ 18. 

1. Measuring Flasks, 

Fig. 9 represents a measuring flask of the most practical and conve- 
nient form. 

Measuring flasks of various sizes are sold, holding 
respectively 200, 250, 500, 1000, 2000, &c. c.c. As 
a general rule, they have no ground-glass stoppers ; 
it is, however, very desirable, in certain cases, to 
have measuring flasks with ground stoppers. The 
flasks must be well annealed and of uniform thick- 
ness, so that fluids may be heated in them. The line- 
mark should be placed in the lower third, or at least 
the lower half, of the neck. 

Measuring flasks should always be carefully tested. 

The best and simplest way of effecting this is to pro- 
ceed thus : — Put the flask, perfectly dry inside and 
outside, on the one scale of a sufficiently delicate 
balance, together with a weight of 1000 grm. in the 
case of a litre flask, 500 grm. in the case of a half- 
litre flask, &c., restore the equilibrium by placing Fig. 9. 
the requisite quantity of shot and tinfoil on the other 
scale, then remove the flask and the weight from the balance, put the 
flask on a perfectly level surface, and pour in distilled water of 
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until the lower border of the dark zone formed by the top of the water 
around the inner walls corresponds with the line-mark. After having 
thorouffhly dried the neck of the flask above the mark, replace it upon 
the scale ; if this restores the perfect equilibrium of the balance, the 
water in the flask weighs, in the case of a litre measure, exactly 
1000 grm. If the scale bearing the flask sinks, the water in it weighs 
as much above 1000 grm. as the additional weights amount to which 
you have to put in the other scale to restore the equilibrium ; if it rises, 
on the other hand, the water weighs as much less as the weights 
amount to which you have to put in the scale with the flask to effect 
the same end. 

If the water in the litre measure weighs 1000 grm., in the half- 
litre measure, 500 grm., &c,, the measuring flasks are correct. Dif- 
ferences up to *1 grill, in tlie litre measure, up to *07 grm. in the half- 
litre measure, and up to *05 grm. in the quarter-litre measure, are not 
taken into account, as one and the same measuring flask will be found 
to offer variation to the ext'mt indicated, in repeated consecutive 
weighings, though filled each time exactly up to the mark with water 
of the same temperature. 

Though a flask should turn out not to hold the exact quantity of 
water which it is stated to contain, it may yet possibly agree with the 
other measuring vessels, and may accordingly still be perfectly fit for 
use for most purposes. Two measuring vessels agree among themselves 
if the marked numbers of c.c. bear the same proportion to each other 
as the weights found ; thus, for instance, sup]>osing your litre measure 
to hold 098 grm. water of 17"*5 and your 50 c.c. pipette to deliver 
49*9 grm. water of the same temperature, the two measirres agree, 
since 

1000 : 50-998 : 49*9. 


To prepare or correct a measuring flask, tare the dry flask, and then 
weigh into it, by substitution (§ 9) 1000 grm., or, as the case may be, 
the half or quarter of that quantity of distilled water of 17°’5. Put the 
flask on a perfectly horizontal support, place your eye on an exact level 
with the surface of the water, ami mark the lower border of the dark 
zone by two little dots made on the glass with a point dipj)ed into pitch 
varnish, or some other substance of the kind. Now pour out the water, 
place the flask in a convenient position, and cut with a diamond a fine 
distinct line from one dot to the other. 

Measuring flasks are occasionally also graduated for delivering; 
these, however, can properly be used only in less accurate measurings, 
since the amount of water remaining in the flask varies not incon- 
siderably. If you wish to graduate a flask for delivering, or to test 
one so gi*aduated, pour water into it, empty it again, let it drain for a 
minute, and then w^eigh into it the exact weight of distilled water 
of 17°'5 corresponding to the number of c.c. 

As in the above method of testing, the weighings are not conducted 
at 4®, nor reduced to vacuum, the measuring vessels will not exactly 
conform to the standard. But if this system is adhered to for all 
vessels used in measuring fluids, in accordance with F. Mohr’s original 
proposal, they will correspond perfectly among themselves, which is 
all that is required in volumetric analysis. In the exceptional case of 
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a measuring vessel thus graduated being used in gas analysis, the c;c. 
may be corrected by multiplying by 1*0022 (F. Mohr*). 


Vb, Meamring vessels which serve to measure out any quantities of fluid 
at will. 


§19. 

2. Ths Graduated Cylinder, 

This instrument, represented in fig. 
10, should be from 2 to 3 cm. wide, of a 
capacity of 100 — 300 c.c., and divided 
into single c.c. It must be ground at 
the top, that it may be closely covered 
with a ground-glass plate. The measur- 
ing with such cylinders is not quite so 
accurate as with measuring flasks, as in 
the latter the volume is read off in a nar- 
rower part. The accuracy of measuring 
cylinders may be tested in the same way 
as in the case of measuring flasks — viz., 
by weighing into them water of 1?°*5 ; 
or, also, very well, by letting definite 
quantities of fluid flow into the cylinder 
from a correct pipette or burette, and ob- 
serving whether or not they are correctly 
indicated by the scale of the cylinder. 



/3. Measuhing vessels gradtt^ted 

FOR DELIVERING. 

aa. Measuring vessels which serve to mea- 
sure out one difinlte quantity of fluid. 



S 20. 


Fig. 10. 


3. The Graduated Pipette, 

This instrument serves to take out a definite volume of a fluid from 
one vessel, and to transfer it to another ; it must accordingly be of a 
suitable shape to admit of its being freely inserted into flasks and bottles. 

We use pipettes of 1, 6, 10, 20, 50, 100, 150 and 200 c.c. capacity. 
The proper shape for pipettes up to 20 c.c. capacity is represented in 
fig. 11 ; fig. 12 shows the most practical form for larger ones. To fill 
a pipette suction is applied to the upper aperture, either directly with 
the lips or through a caoutchouc-tube, until the fluid stands above the 
mark ) the upper orifice (which is somewhat narrowed and ground) is 
then closed with the first finger of the right hand (the point of which 
should be a little moist) ; the outside is then wiped dry, if required, 
and, the pipette being held in a perfectly vertical direction, the fluid is 
allowed to drop out, by Ifftiiig the finger a little, till it has fallen to the 


Zeitsohr. f. anal. Chem. 7, 287. 
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required level ; the loose drop is carefully wiped off, and the contents 
of the pipette are Aen finally transferred to the other vessel. In this 
process it is found that the fluid does not run out completely, but that 
a small portion of it remains adhering to the ^lass in the point of the 

pipette ; after a time, as this oecomes in* 

f n creased by other minute particles of fluid 

II trickling down from the upper part of 

|| the tube, a drop gathers at the lower 

l| orifice, which may be allowed to fall off 

|| from its own weight, or may be made to 

l| 50 C C drop off by a slight shake. If, after this, 
50 C II point of the pipette be laid against a 

|l moist portion of the inner side of the 

vessel, another minute portion of fluid 
■IB trickle out, and, lastly, another tri- 
ll B fling droplet or so may be got out by 

■ blowing into the pipette. Now, sup- 

■lifl posing the operator follows no fixed rule 

llfl res})ect, letting the fluid, for in- 

stance, in one operation simply run out, 
" ^ whilst in another operation he lets it 

drain afterwards, and in a tliird blows 
out the last particles of it from the pi})ette, 
it is evident that the respective quanti- 
ties of fluid delivered in the several ope- 
rations cannot be quite e(jual. I prefer 
in all cases the second method — viz., to 
® lay the point of the pipette, whilst drain- 
ing, finally against a moist portion of the 
side of the vessel, which I have always 
found to give the most accurately cor- 
responding measurements. 

The correctness of a pipette is tested 
by filling it up to the mark with distilled 
I water of 17° b, letting the water run out, 

manner just stated, into a tared 
vessel, and weighing; the pipette may 
* be pronounced correct if 100 c.c. of water 

Fig. 11. Fig. 12. Fig. 13. of 17°*5 weigh 100 grm. 

Testing in like manner the accuracy 
of the measurements made with a simjde hand pipette, we find that 
one and the same pipette will in repeated consecutive weighings of the 
contents, though filled and emptied each time with the minutest care, 
show differences up to *01 grm. for 10 c.c. capacity, up to *04 grm. for 
60 c.c. capacity. 

The accuracy of the measurements made with a pipette may be 
heightened by giving the instrument the form and construction shown 
in fig. 13, and fixing it to a holder. It will be seen from the drawing 
that these pipettes are emptied only to a certain mark in the lower 
tube, and that they are provided witn a clip, a contrivance which we 
shall have occasion to describe in detail when on the subject of burettes. 
This reduces the differences of measurements with one and the same 60 
c.c. pipette to *006 grm. 
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Pipettes are used more especially in cases where it is intended to 
estimate different constituents of a substance in separate portions of the 
same : for instance, 10 p-rm. of the substance are dissolved in a 250 c.c. 
flask, the solution is diluted up to the mark, shaken, and 2, 3, or 4 
several portions are then taken out with a 50 c.c. pipette. Each 
portion consists of ^ of the whole, and accordinn-ly contains 2 {^m. of 
the su])stance. Of course the pipette and the flask must be in perfect 
harmony. Whether they are may be ascertained by, for instance, 
emptying* the 50 c.c. pipette 5 times into the 250 c.c. flask, and 
observing if the lower cage of the dark zone of fluid coincides with the 
mark. If it does not, you may make a fresh mark, which, no matter 
whether it is really correct or not, will bring the two instruments in 
question into conformity with each other. 

Cylindrical pipettes, graduated throughout their entire len^h, may 
be used also to measure out any given Quantities of liquid ; however, 
these instruments can properly be employed only in processes where 
minute accuracy is not indispensable, as the limits of error in reading 
off the divisions are not inconsiderable. For small quantities of liquid 
this inaccuracy may be avoided, by making the pipettes from tubing of 
small and uniform bore, and narrowed at both ends. (F. Mohr’s 
measuring pipettes.) 

When a fluid runs out of a pipette, drops sometimes remain here 
and there adhering to the tube ; this arises from a film of fat ; it may 
be removed by keeping the instrument some time filled with amix- 
ture of concentrated solution of bichromate of potassa and sulphuric 
acid, or with potassa. 


yh. Measuring vessels which serve to measure out quantities of fluid at 
will. 


4. Burettes, 


Of the various forms and dispositions of this instrument, the follow- 
ing appear to me the most convenient :* — 


§ 21 . 

I. MoWs Burette, 

This excellent measuring apparatus is represented in fig. 14. It 
consists of a cylindrical tube, narrower at the lower end for about an 
inch, with a slight widening, however, at the extreme point, in order 
that the caoutdiouc connector may take a firmer hold. I only use 
burettes of two sizes, viz., of 30 c.c., divided into tV c.c. ; and of 50 
C.C., divided into J c.c. The former I employ principally in scientific, 
the latter chiefly in technical investigations. The usual length of my 
30 c.c. burette is about 50 cm. ; the graduated portion occupies about 
43 cm. The bore of the tube is accordingly about 10 mm. ; the upper 
orifice is, for the convenience of filling, widened in form of a funnel, 
to 20 mm. j the width of the lower orifice is 5 mm. For very delicate 

* For other forms of the burette, see F. Mohr, Lehrhuoh der Titririnethode, 8 ed. 
§ 2 ; G. 0. WiTTSTEiN, Vierteljahresschr. f. prakt. Pharm. 16, 667, and Zeitsohr. f. 
anal. Chem. 7, 84 ; A. Gawalovsky, Zeitsohr. f. Chem. [N. F.] 6, 129, and Zeitsohr. 
f. anal. Chem. 9, 369 ; Qohdolo, Rev, hebdom. de ohim. Nov. 1869, and Zeitsohr. f. 
anal. Chem. 9, 870. 
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processes, the length of the graduated portion may be extended to 50 
or 62 cm., leaving thus intervals of nearly 2 mm. between the small 

divisional lines. In 



Fig. 14. 


my 60 c.c. burettes 
the graduated portion 
of the tube is gene- 
rally 40 cm. long. 

To make the instru- 
ment ready for use, 
the narrowed lower 
end of the tube is 
warmed a little, and 
greased with tallow • 
a caoutchouc tube, 
about 30 mm. long, 
and 3 mm. bore, is 
then drawn over it; 
into the other end of 
this is inserted a tube 
of thick glass, about 
40 inm. long, and 
drawn out to a tole- 
rahl}'^ fine point ; it is 
advisable to slightly 
widen the upper end 
of this tube also, and 
to cover it with a thin 
coat of tallow ; and 
also to tie linen-thread 
round both ends of the 
connector, to insure 
perfect tightness. 

The space between 
the lower orifice of the 
burette and the upper 
orifice of the small de- 
livery tube should be 
about 15 mm. The 
india-rubber tube is 


now pressed together between the ends of the tubes by the clip. 
The hitter is usually made of brass wire^ the form represented in 
fig. 15 was given by Mohk. 

A good clip must pinch so 
tight that not a particle of 
fluid can make its way through 
the connector when com- 
pressed by it ,* it must be so 
constructed that the analyst 
may work it with perfect faci- 
lity and exactness, so as to re- 
gulate the outflow of the liquid 
with accuracy. 



Fig. 15. 
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Mohr* has devised also very practical clips of glass (or horn) and 
caoutchouc, which I can highly recommend. 

Figs. 16 and 17 show tne construction of these clips; they are so 
simple that anybody may easily make them according to Mohr’s in- 
structions, which I will give here in his own words : — 

Jlend two pieces of flat thermometer tubing from 80 to 90 mm. 
long, in a very obtuse angle, place between them, in the middle, a 
piece of cork, about 1 J or 2 mm. thick, and put a caoutchouc ring, cut 
off from a somewhat wide india-rubber tube, over the part enclosing 



Pig. 17. Fig. 18. 


the cork. Put the caoutchouc tube of the burette between the two 
glass tubes, press the points together, and push another india-rubber 
ring over the tubes. These two rings serve to keep the elastic tube of 
the burette tightly compressed. By pressing on the divergent ends of 
the glass rods, the elastic bands are stretched asunder, and the liquid 
drops through the delivery tube ; when the pressure on the ends of the 
tube ceases, the elastic bands, recovering their original tightness, close 
the connector again.” 

For supporting Mohr’s burettes, I use the holder represented in 

* Mohb’s Lehrbuoh der Titrirmethode. 
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fig. 14 ; this instrument, whilst securely supporting the tube, permits 
its being moved up and down with perfect freedom, and also its being 
taken out, without interfering with tbe clip. The position of the burette 
must be strictly perpendicular, to insure which, care must be taken to 
have the grooves of the cork lining, which are intended to receive the 
tube, perfectly vertical, with the lower board of the stand in a hori- 
ssontal position. I now have the arm bearing the tubes made movable 
round the upright, so that first one burette and then the other may be 
used with ease. A screw (which is wanting in the figure) serves to fix 
the arm if required. A similar holder, with a brass clamp, is repre- 
sented in fig. 18. 

To charge the burette for a volume trical operation, fill it a little 
above the zero, then fully open the clip for a moment so that the fluid 
may completely fill the point, no air bubble remaining. If an air bubble 
still remains, bend the point upwards and open the clip again. The 
bubble may be entirely prevented by filling the lower part of the burette 
by suction. The burette having, if required, been adjusted in the ver- 
tical position, the liquid is allowed to drop out to zero. The instru- 
ment is now read}^ for use. When as much liquid has flowed out as is 





Fig. 19. Fig. 20. 


Fig. 21. 


required to attain the desired object, the analyst, before proceeding to 
read olf the volume used, must wait a few minutes, to give the fluid 
adhering to the sides time to run down. If the last rule is neglected, 
the resiilts cannot be expected to agree when, for instance, in one ex- 
periment the fluid is run off from the burette in small quantities at a 
time, and in another experiment the bulk of the fluid required is run 
oflTat once, the last drojis only being added gradually. 

The w^ay in which tne reading off is effected, is a matter of great 
importance"; the first requisite is to bring the eye to a level with the 
top of the fluid. We must consequently settle the question — What is 
to be considered the top ? 

If you hold a burette, partly filled with water, between the eye and 
a strongly illumined wall, the surface of the fluid presents the ap- 
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pearance shown in fig. 19 ; if you hold close behind the tube a sheet 
of white paper, with a strong light falling on it, the surface of the fluid 
presents the appearance shown in fig. 20. In both cases, you have to 
read off at the lower border of the dark zone, this being the most 
distinctly marked line. F. Mohr recommends the following device for 
reading off : — Paste on a sheet of perfectly white thick paper a broad 
strip of black paper, and, when reading off, hold this close behind the 
burette, with the edge of the black paper 2 or 3 mm. below the lower 
border of the dark zone, as shown in fig. 21 ; read off at the lower 
border of the dark zone. Care must be taken to hold the paper in- 
variably in the same position, since, if it be held lower down, the lower 
border of the black zone will move higher up. I do not myself read 
off in this manner, hut I prefer to read off in a light which causes the 
appearance represented in fig. 19. 

By the use of Erdmann’s float* all uncer- 
tainties in reading off may be avoided. Fig. 22 
represents a burette thus provided. In this case 
we always read off the degree of the burette which 
coincides with the circle on the middle of the float. 

The float must be so fitted to the width of the bu- 
rette that when jdaced in the filled burette, it will, 
on allowing the fluid to run out gradually, sink 
down with the same without wavering, and when it 
has been pressed down into the fluid of the closed 
burette, it will slowly rise again. The weight of the 
float must, if necessary, be so regulated by mercury 
that when placed in the filled tube it may cut the 
fluid with its top uniformly all round. A further 
important condition of the float is that its axis should 
coincide as nearly as possible with that of the burette, 
so that the divisions on the burette may be parallel 
with the circular line on the float. 

The correctness of the graduation of a burette is 
tested in the most simple way, as follows : fill the 
instrument with water of 17°*5, then run 10 c.c. into a 
weighed flask, and weigh ; then run another 10 c.c. 
out, and weigh again, and repeat the operation until 
the contents of the burette are exhausted. If the 
instrument is correctly graduated, every 10 c.c. of 
water of 17°’6 must weigh 10 grm. Differences up 
to *01 grm. may be disregarded, since even with the 
greatest care bestowed on the process of reading off, 
deviations to that extent will occur in repeated measurements of the 
uppermost 10 c.c. of one and the same burette. With the float- 
burettes the weighings agree much more accurately, and the dif- 
ferences for 10 c.c. do not exceed *002 grm. 

Mohr’s burette is unquestionably the best and most convenient, 
and ought to be employed in the measurement of all liquids which are 
not injuriously aft’ected by contact with caoutchouc. (Jf the standard 
solutions used at present in volumetric analysis, that of jiermanganate 
of potassa alone cannot bear contact with caoutchouc. For calibrating 
Mohr’s burettes Scheibler gives excellent directions.! 

* Jouni. f. prakt, Chem. 71, 194. f Ib, 76, 177. 
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& oo 

II. Gay^Lussac^s Burette, 

Fig;. 23 represents this instrument in, as I believe, its most practical 
form. 

I make use of two sizes, one of 50 c.c., divided into 
J C.C., the other of 30 c.c. divided into former 

is about 33 cm. long; the graduated portion occupies 
about 25 cm. ; the bore of the wide tube is 15 mm. ; 
that of the narrow tube 4 mm., which in the upuer bent 
end gradually decreases to 2 mm. The graduated portion 
of the smaller burette is about 28 cm. long, and has ac- 
cordingl}" a bore of about 11 mm. 

When operating with a burette of this construction, 
I hold the instrument with the left hand, letting the 
bottom lean a little against the chest. By holding the 
instrument in this way, and occasionally pointing the 
spout sideways, the operator will be enabled to regulate 
the outflow of liquid at will. As a general rule, I never 
let the liquid run back in the narrow tube, in the course 
of an experiment, since the air bubble enclosed between 
the fluid in the burette and the drop adhering to the 
mouth of the spout, makes it generally a task of some 
difliculty to renew tlie outflow of the liquid. 

The stand which I use to rest my burettes in, consists 
of a disk of solid wood, from 5 to 0 cm. high, and from 10 to 
12 cm. in diameter, with a hole made w^ilh the auger and 
chisel, of proper size to receive the bottom of the burette. 
This arrangement seems to me more convenient than 
the method of cementing the burette in a wooden foot. 

To overcome the difliculty of renewing the outflow' 
of the liquid, which i« idwa^s experienced w^hen, during 
the temporary cessation of the process, air has been en- 
closed betw^een the liquid in the burette and the drop adhering to 
the moutti of the spout, Mohr suggests the use of a perforated cork, 
bearing a short glass tube bent at a right angle. The cork being 
inserted into the mouth of the wide tube, a jiiece of caoutchouc is 
drawn over the short glass tube ; by blowing into this with greater 
or less force, the outflow of the liquid from the sjiout of the Sightly 
slanting burette may be regulated at pleasure. Instead of blowing 
with the mouth a caoutchouc balloon may be used. This contains a 
small round opening by which air enters, and which is closed by the 
finger during compression. (Herve-Manoon.*) 

The reading off of the height of the liquid is effected in the same 
way as explained in § 21. 1 prefer, how’^ever, placing* the burette firmly 

against a perpendicular partition, either a strongly illumined door, or 
the pane of a window, to insure the vertical position of the instru- 
meiit. It is only w^hen operating w ith rather concentrated, and accord- 
ingly opaque solutions of permanganate of potassa, that the method of 
readUng off requires modification ; in that case, the upper border of the 



Fig. 23. 


^ Rep. chem. appliqu^e, 1, 68. 
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liquid is noted ; and the best way is to place the burette against a 
white background, and read oflF by reflected light. 

The correctness of the graduation of (tAY-Lussac’s burettes is 
tested in the same way as that of Mohr’s burettes. 

§ L>3. 

III. Geissler's Burette, 

In this instrument, which is represented in 
fig. 24, the narrow tube is placed inside the wide 
tube instead of outside, as in Gay-Lussac’s bu- 
rette. The part of the inner tube projecting beyond 
the wide tuoe is thick in the glass ; whilst the part 
inside, which is of the same bore, is made of very 
thin glass. 

This is a very convenient instrument, and less 
liable to fracture than Gay-Lussac’s burette. I 
am very fond of working with it. 

For the method of reading off and testing 
the correctness of the instrument, I refer to §§ 21 
and 22. 

II. Prepahation of Substances for the 
Processes of Quantitative Analysis. 

§24. 

1. The Selection of the Sample. 

Before the analyst proceeds to make the quan- 
titative analysis of a body, he cannot too carefully 
consider whether the desired result is fully attained 
if he simply knows the respective quantity of every 
individual constituent of that body. This primary 
point is but too frequently disregarded, and thus 
false impressions are made, even by the most 
careful analysis. This remark applies both to 
scientific and to technical investigations. 

Therefore, if you have to determine the con- 
stitution of a mineral, take the greatest [lossible Fig. 24. 

care to remove in the first place every particle of 
gangue, and disseminated impurities ; remove any adherent matter 
by wiping or washing, then wrap the substance up in a sheet of thick 
paper, and crush it to pieces on a steel anvil ; and pick out with 
a pair of small pincers the cleanest pieces. Crystalline substances, 
prepared artificially, ought to be purified by recrystallization ; preci- 
pitates by thorough washing, &c. In technical investigations — when 
called upon, for instance, to determine the amount of peroxide present in 
a manganese ore, or the amount of iron present in an iron ore — the first 
point tor consideration ought to be w^hether the samples correspond as 
much as possible to the average quality of the ore. What would it 
serve, indeed, to the purchaser of a manganese mine to know the amount 
of peroxide present in a select, possibly particularly rich, sample ? 
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These few observations will suffice to show that no universally 
applicable and valid rules to guide the analj'st in the selection of the 
sample can be laid down ; he must in ever}’ individual case, on the one 
hana, examine the substance carefully, and more particularly also 
under the microscope, or through a lens ; and, on the other hana, keep 
clearly in view the object of the investigation, and then take his 
measures accordingly. 

§25. 

2. Mechanical Division. 

In order to prepare a substance for analysis, lc., to render it ac- 
cessible to the action of solvents or fluxes, it is generally indispensable, 
in the first place, to divide it into minute parts, since this will create 
abundatit points of contact for the solvent, and will counteract, and, as 
far as practicable, remove the adverse influence of the power of cohe- 
sion, tlius fulfilling all the conditions necessary to efiect a complete and 
speedy solution* 

The means employed to attain this object vary according to the 
nature of the different bodies we have to operate upon. In many cases, 
simple pounding or triturating is sufficient; in other cases it is neces- 
sary to reduce the powder to the very highest degree of fineness, by 
sifting or elutriation. 

The operation of powdering is conducted in mortars ; the first and 
most indispensable condition is, that the material of the mortar be con- 
siderably harder than the substance to be pulverized, so as to prevent, 
as far as practicable, the latter from being contaminated with any par- 
ticles of the former. Thus, for salts and other substances ])Ossessing no 
very considerable degree of hardness, porcelain mortars may be used, 
whilst harder substances (including most minerals) require mortars of 
agate, chalcedony, or flint. In such cases, the larger pieces are first 
reduced to a coarse powder; this is best effected by wrapping 

them up in several sheets of writing- 
paper, and striking them with a hammer 
upon a steel or iron plate ; the coarse 
powder thus obtained is then pulverized, 
in small ])ortioiis at a time, in an agate 
mortar, until it is reduced to the state of 
an impal]>able powder. 

If we have but a small portion of a 
mineral pov^der to operate upon, and 
indeed in all cases where w’e are desirous 
of avoiding loss, it is advisable to use a 
steel mortar (fig* 26 ) for the prepara- 
tory reduction of the mineral to coarse 
powder, a b end c d represent the two 
component parts of the mortar; these 
may be readily taken asunder. The sub- 
stance to be crushed (having, if prac- 
ticable, first been broken into small 
pieces), is placed in the cylindrical cham- 
ber ef; the steel cylinder, which fits somewhat loosely into the cham- 
ber, serves as pestle. The mortar is placed upon a solid support, and 
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perpendicular blows are repeatedly struck upon the pestle with a 
nammer until the object in view is attained. 

Minerals which are very difficult to pulverize should be strongly 
ignited, and then suddenly plunged into cold water, and subsequently 
again ignited. This process is of course applicable only to minerals 
v^ich lose no essential constituent on ignition, and are perfectly in- 
soluble in water. 

In the purchase of agate mortars, especial care ought to be taken 
that they have no palpable cracks or indentations ; very slight cracks, 
however, that cannot be felt, do not render the mortar useless, although 
they impair its durability. 

Minerals insoluble in acids, and which consequently require fusing, 
must especially be finely divided, otherwise we cannot calculate upon 
complete decomt)osition. This object may be attained either by patiently 
triturating small portions in an agate mortar, or by levigating,•elutri- 
ating, or sifting ; levigating, or elutriating, however, can be resorted 
to only in the case of substances which are not attacked by water. 
Analysts must in future be more cautious on this point, since it has been 
discovered that many substances which are usually held to be insoluble 
in water are, in a state of minute division, strongly affected by that 
solvent ; thus, for instance, water, acting upon finely ])ulverized glass, 
is found to rapidly dissolve from 2 to 3 per cent, even m the cold 
(Pelouze).* Thus, again, finely divided felspar, granite, trachyte 
and porpliyry give up to water both alkali and silica (H. Ludwig).! 

Ijeviffation. is effected as follows. Add a little water to the pounded 
mineral in the mortar, and triturate the paste until all crepitation 
ceases, or, which is a more expeditious process, transfer the mineral 
paste from the mortar to an agate or fiint slab, and triturate it thereon 
with a muller. Kiiise the paste off, with the washing bottle, into a 
smooth hemispherical jiorcelain basin, evaporate the water on the water 
bath, and mix the residue most carefully with the pestle. (The paste 
may be dried also in the agate mortar, but at a very gentle heat, since 
otherwise the mortar miglit crack.) 

To perform the process of elutriation^ the pasty mass, having first 
been very finely triturated with water, is washed off into a beaker, 
and stirred with distilled water ; the mixture is then allowed to stand 
a minute or so, after which the supernatant turbid fluid is poured off 
into another beaker. The sediment, which contains the coarser parts, 
is then again levigated, &c., and the operation repeated until the whole 
quantity is elutriated. The turbid fluid is allowed to stand at rest until 
the suspended powder has subsided, which generally takes many hours. 
The water is then finally decanted, and the powder dried in the beaker. 

The process of siftitig is conducted as follows: a piece of fine, 
well-washed, and thoroughly dry linen is placed over the mouth of a 
bottle about 10 cm. high, and pressed down a little into the mouth, so 
as to form a kind of bag ; a portion of the finely triturated substance 
is put into the bag, and a piece of soft leather stretched tightly over 
the top by way of cover. By drumming wdth the finger on the leather 
cover, a shaking motion is imparted to the bag, which makes the finer 
particles of the powder gradually pass through the linen. The portion 
remaining in the bag is again triturated in an agate mortar, and, toge- 


Compt. Bend. 48, 117-128. 


! Arolii? der Pbarm. 91, 147. 
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ther with a fresh portion of the powder, sifted a^ain ; and the same 
process is continued until the entire mass has passed through the bag 
into the glass. 

When operating on substances consisting of different compounds it 
would be a grave error to use for analysis the powder resulting from 
the first process of elutriation or sifting, since tnis will contain an un- 
due proportion of the more readily pulverizable constituents. Great 
care must, therefore, also be taken to avoid loss in the process of elutria- 
tion or sifting, as this loss is likely to be distributed unequally among 
the several constituents. In such cases it is safer, however, to reduce 
the substance by patiently triturating it dry, and to avoid elutriating 
or sifting. 

Where it is intended to ascertain the average composition of a 
heterogeneous substance, of an iron ore for instance, a large average 
sample‘s is selected, and reduced to a coarse powder ; the latter is 
thoroughlj^ intermixed, a portion of it powdered more finely, and mixed 
uniformly, and finally the quantity required for analysis is reduced to 
the finest powder. ^Phe most convenient instrument for the crushing 
and coarse pounding of large samples of ore, (fee., is a steel anvil and 
hammer. The anvil in my own laboratory consists of a wood pillar, 
85 cm. high and 26 cm. in diameter, into which a steel plate, 3 cm. 
thick and 120 cm. in diameter, is let to the depth of one-half of its 
thickness. A brass ring, 5 cm. high, fits round the upper projecting 
part of the steel plate. The hammer, which is well steeled, has a 
striking surface of 6 cm. diameter. An anvil and hammer of this kind 
afford, among others, this advantage, that their steel surfaces admit 
most readily of cleaning. To convert the coarse powder into a finer, a 
smooth-turned steel mortar of about 130 mm. uT)j)er diameter and 
74 mm. deep is used — the final trituration is conducted in an agate 
mortar. 

§ 26. 

3. Drying. 

Bodies which it is intended to analyze quantitatively, must be, when 
weighed, in a definite state, in a condition in which they can be always 
obtained again. Now, the essential constituents of a substance are 
usually accompanied by an unessential one, viz., a greater or less 
amount of water, enclosed either within its lamellie, or adhering to it 
from the mode of its preparation, or absorbed by it from the atmosphere. 
It is obvious that before we can weigh out a definite quantity of a 
substance, we must, in the first place, remove this variable amount of 
water. Most solid bodies, therefore, reipiire to be dried before tJu^y can be 
quantitatively analysed. 

The operation of drying is of the very highest importance for the 
correctness of the results ; indeed it may safely be averred that many 
of the differences observed in analytical researches proceed entirely 
from the fact that substances are analysed in different states of moisture. 

Many bodies contain, as is well known, water which is proper to 
them eitner as inherent in their constitution or as •so-called water of 
crystallization. In contradistinction to this, we will employ the term 
moisture to designate that variable adherent or mechanically enclosed 
water, with the removal of which the operation of drying in the 
sense here in view is alone concerned. 
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In drying, our object is to remove all moisture, without interfering 
in the slightest degree with combined water or any other constituent 
of the body. To accomplish this object, it is requisite that we should 
know the properties of the substance in the dry state, and whether it 
loses water or other constituents at a red heat, or at 100°, or in dried 
air, or even simply in contact with the atmosphere. These data will 
serve to guide us in the selection of the process of desiccation best 
suited to each substance. The dried substance should always at once 
be transferred to a well-closed vessel ; glass-tubes, sealed at one end, 
and of sufficiently thick glass to bear the firm insertion of tight-fitting 
smooth corks, are usually employed for this purpose. It is advisable to 
cover the cork with tinfoil. 

a. Substances which lose water in contact with the atmosphere ; such as 
sulphate of soda, crystallized carbonate of soda, <fec. Substances jof this 
kind turn dull and opaque when exposed to the air, and finally crumble 
wholly or partially to powder. 

They are more difficult to dry than many other bodies. The process 
best adapted for the purpose, is to press the pulverized salts witn some 
degree of force between thick la^'ers of fine white blotting paper, 
repeating the operation with fresh paper until the last sheets remain 
absolutely dry. It is generally advisable in the course of this operation 
to repowder the salt. 

b. Substances which do not yield water to the atmosphere [unless it ts 
perfectly dry)^ but effloresce in artificially dried air ; such as sulphate of 
magnesia, tartrate of potassa and soda, <fec. 

Salts of this kind are reduced to powder, which, if it be very moist, 
is pressed between sheets of blotting paper, as in « ; after this operation, 
it must be allowed to remain for some time spread in a thin layer upon 
a sheet of blotting paper, effectually ]>rotected against dust, and shielded 
from the direct rays of the sun. 

§ 27 . 

e. Substances which undergo no alteration in dried air^ but lose water at 
100° ; tartrate of lime, for instance. 

These are finely pulverized ; the powder is put in a thin layer into 
a watch-glass or shallow dish, and the latter placed inside a chamber 



Fig. 26. Fig. 'Al. 


in which the air is kept dry by means of sulphuric acid or chloride of 
calcium. This process is usually conductea in one of the following 
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apparatus, which are termed denccators, and subserve still another 
purpose besides that of drying, viz., that of allowing hot crucibles, 
dishes, <fec., to cool in dry air. 

In lig. 26, a represents a glass plate (ground-glass plates answer 
the purpose best), a bell jar, with ground rim, which is greased with 
tallow ; c is a glass basin with sulphuric acid ; a round iron plate, 
supported on three feet, with circular holes of various sizes, for the 
reception of the watch glasses, crucibles, containing the substance. 

In fig. 27, a represents a beaker with ground and greased rim, and 
filled to one-fourth or one-third with sul])huric acid ; & is a ground 
glass plate ; c is a bent wire of lead, which serves to support the watch 
glass containing tlie substance. 

Fig. 28 is a similarly constructed apparatus containing chloride of 
calciuip. 

Fig. 29 represents a readily portable desiccator, used more parti- 
cularly to receive crucibles in course of cooling, and carry tliem to the 



Fig. 28. 


Fig. 29. 


balance. The instrument consists of a box made of strong glass ; the 
lid must be ground to shut air-tight ; the joint is greased with tallow. 
The outer diameter is 105 mm. ; the sides are 6 mm. thick. The 
aperture has a diameter of 80 mm. ; the bottom up to the small part 
is 65 mm. high ; the lid has the same height ; the small part itself is 
16 mm. high, and ground to a slightly conical shape. A brass ring, 
with rim, fits exactly into the aperture ; the rim must not project 
beyond the glass. The ring bears a triangle of iron, or, better, platinum 
wire, intended for the reception of crucibles, &c. The bottom is one- 
third filled with chloride of calcium. 

Fig. 30 represents the desiccator constructed by A. Sen rotter, 
upon Uie principle of affording free epess to the air, which expands as 
soon as hot crucibles are placed inside the apparatus ; the expanding 
air escapes, in the first place, through the little tube a, then through 
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the two lateral apertures in the lower part of h ; the air-bubbles lastly, 
which ascend through the sulphuric acid in c, make their escape from 
the bulb d, which is filled with chloride of calcium. When the 
apparatus is cooling, 
perfectly dry air re- 
enters by the same way. 

The operation may be 
considered at an end 
when no more air-bub- 
bles ascend through the 
sulphuric acid. The 
little tube e serves to 
catch the suljdiuric acid 
that might be carried 
down through a\ this 
tube must not close the 
lower orifice of the bell- 
jar air-tight, and the 
cork holding it must be 
channelled ; f serves as 
a stand for the bell-glass. 

This desiccator utfords 
the advantage that the 
substances placed in it 
are cooled in dry air of 
the common pressure 
and have accordingly, 
when removed from the 
apparatus, no tendency 
to attract air (and con- 
sequently moisture), 
which cannot be said of 
substances cooled in air 
slightly rarefied by heat. 

The body which it is 
intended to dry is kept 

exposed to the action of the dry air in the glass, until it shows no 
further diminution of weight. Substances upon which the oxygen of 
the air exercises a modifying influence are dried in a similar manner, 
^nder the exhausted receiver of an air-pump. Substances wliich, 
though losing no water in dry air, yet give off ammonia, are dried 
over quicklime, mixed with some chloride of ammonium in powder, 
and consequently in any anhydrous ammoniacal atmosphere. 

§ 28. 

• d. Suhstanoes which at 100® completely lose their moisture y without suffer- 
ivg any othei' alterationy such as bitartrate of potassa, sugar, &c. These 
are dried in the water-bath ; in the case of slow-drying substances, or 
where it is wished to expedite the operation, with the aid of a current 
of dry air. 

Pig. 31 represents the water-bath most commonly used. It is made 
either of tinplate, or, better, of sheet copper, and, to adapt it for use 
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also as an oil-bath, soldered with brass. The engraving* renders a 
detailed description unnecessary. The inner chamber, o, is surrounded 
on five sides by the outer case or jacket, d e, without communicating* 

with it The object of the apertures p and 
h is to efiect change of air, which purpose 
they answer sufficiently well. When it is 
intended to use the apparatus, the outer 
case is filled to about one-half with rain- 
water, and the aperture a is closed with a 
perforated cork, into which a glass tube is 
fitted; the aperture b is entirely closed. 
If the apparatus is intended to be heated 
over a fire, it should have a length of 
about 20 cm. from d tof; but if over a 
MS-, ^spirit-, or oil-lamp, it should be only about 13 cm. long. In 
the former case, the inner chamber is 1? cm. deep, 14 broad, and 
10 high ; in the latter case, it is 10 cm. deep, 0 broad, and 6 high. 
The temperature in the inner chamber never quite reaches 100° ; to 
bring it up to this point, F. Rochleder has suggested (in a private 
communication) to close b with a double-limbed tube, the outer longer 
limb of which dips into a cylinder filled with water ; « is in that case 
closed with a perforated cork bearing a sufficiently tall funnel tube, 
which fits air-tight. The lower end of this tube reaches down to one 
inch from the bottom. 

In large analytical laboratories water is usually kept boiling all day 
long, for the production of distilled water. The boilers used in my 
own laboratory have the shape of somewhat oblong square boxes, about 
120 cm. long, 60 broad, and 24 high ; the front of the boiler has 
soldered into it, one above the other, two rows of drying-chambers, or 
closets, of the kind shown in fig. 31. This gives so many ovens, that 
almost every student may have one for his special use. Slost of these 
ovens are from 11 to 12 cm. deep and broad, and 8 cm. high ; some of 
them, however, are 16 cm. deep and broad, to enable them to receive 
large -sized dishes. 

The substances to be dried are usually put on double watch-glasses, 
laid one within the other, which are placed in the oven, and the door is 

then closed. In the subse- 
quent process of weighing, 
the upper glass, which con- 
tains the substance, is co- 
vered with the lower one. 
The glasses must be quite 
cold before they are placed 
on the scale. In cases where 
we have to deal with hygro- 
Fig. 32. Bcopic substances, the re- 

absorption of water u{)on 
cooling is prevented by the selection of close-fitting glasses, which are 
held tight together by a clip (fig. 32), and allowed to cool with their 
contents under a bell-glass over sulphuric acid (see fig. 26). These 
latter instructions apply equally to the process of drying conducted in 
other apparatus. 

The clip used for keeping the watch-glasses pressed together is, in 




Fig. 81. 
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all cases where it is intended to ascertain the loss of weight on drying, 
to be looked upon as belonging to the glasses, and weighed with them. 
It is either made of two strips of thin brass, about 10 cm. long and 
1 wide, which are soldered together at the ends to the extent of 5 to 
6 mm., or it is formed of one piece, as shown in the figure. 

The following apparatus serve for drying substances in a current of 
air : — 

In fig. 33 (A) the current is caused simply by heating the air, which 
renders this apparatus very convenient for use. ^ is a case of sheet 
copper, or tin plate, into 
which the canal c d sol- 
dered; the latter communi- 
cates with the chimney ef^y 
this is surrounded on three 
sides by the cover g h, which 
again communicates with a b, 

Ine cover has no opening at 
the top. At i is a round ajicr- 
ture leading into the canal, 
and which may be closed ^ 
with a cork ; Z /<c is provided 
with a well-fitting sliding 
door running in grooves. 

When the apparatus is to be 
used, the aperture n, which 33 ^ 

serves to let off the water, is 

closed witli a cork, the outer case is half filled — through m — with water, 
which is then heated to boiling. The watch-glasses with the substances 
to be dried are placed on the holes of the sliding shelf B, and the latter 
is introduced into the canal at I /f, which is then closed. An upward 
current is soon produced in the chimney, heated as it is, by the steam 
surrounding it, and the cold air flowing in through i, and passing over 
the drying substances, carries away with it the evaporating moisture. 
Tlu're is a slight disadvantage attending this method — viz., the cold air 
which passes through keeps the drying substances always a little below 
100° ; this may be easily remedied, however, by conducting the air, 
in the first place, through a tube running along under the bottom of 
the canal (to which it is soldered) from one end to the other and 
back again. The air is thus heated to 100°, before coming into contact 
with the drying substance. This tube has been omitted from the 
figure, to avoid confusion. To render the apparatus still more useful, 
round holes of different sizes may be cut in the top of the case ; these 
holes, for which proper covers must be provided, serve for the reception 
of small evaporating dishes. The aperture m may, in that case, of 
course, be omitted. The apparatus is, according to the requirements of 
the case, made from 20 to 30 cm. lon»’, with a depth of 15, and height 
of about 10 cm. The chimney should be C cm. wide, and 3 high. If it 
be desirable to create a stron<»er draught of air than that produced by 
the little chimney, air which has previously been transmitted through 
sulphuric acid, or through a chloride of calcium tube, may be blown 
into i by means of a gasometer, or an india-rubber balloon, or some 
other contrivance. Or air, dried by sulfiliuric acid, may be drawn 
through by means of the hydraulic air-pump (§ 47), or an aspirator 
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{d in fig. 84) ; in this case a round tube should he joined to the 
little chimney, which may thus he fitted with a cork bearing a glass 
tube. If a higher temperature than that of boiling water be required, 
the apparatus (which must then be of copper) is filled with oil, and 
the temperature determined by a thermometer, fixed in m by a cork. 

In the apparatus fig. 34, the current of air is produced by an aspirator. 
a represents a flask filled one-third with sulphuric acid ; c a glass vessel 


Fig. 34. 



(commonly called a Liebig’s drying- tube), and <7a tin vessel, provided 
with a stop-cock at e. Fig 85 represents a smnll tin vessel, containing 
water and covered with a lid ; a and b serve to receive the ascending 
limbs of c. The tube c is first weighed with the substance, then placed 
in the water-bath, fig. 85, ^^hich is placed over a spirit- or gas-larnp ; 
the aspirator d is then filled with w^ati»r, and c connected with the flask a 
by the perforated cork and wdth d by means of a caoutchouc tube/. 
If the stop-cock e be now opened so as to cause the water to droj) from 
df the air will pass through the tube b, and after being dehydrated by 
the sulphuric acid, will pass over the heated sulistance in c. After 
the operation has been continued for some time, it is interrupted for the 
purpose of weighing the tube c and its contents, and then resumed 
agaiD^ and continued until the weight of e (and its contents) remains 
constant If the operator possesses an hydraulic air-pump (§ 47), this 
may be conveniently substituted for the asjiirator. Towards the end of 
the process a small chloride of calcium tube should be inserted at/ As 
the current of cold air plays upon the substance, the latter never really 
reaches 100°. It is, therefore, sometimes advisable to substitute for 
the water in the bath a saturated solution of common salt. 

With this substitution, the last apparatus will be found to effect its 
purpose the most expeditiously. It is not adapted, however, for drying 
such substances as have a tendency to fuse or agglutinate at 100 . 
This apparatus is to be recommended less for estimations of moisture 
than for merely drying, as glass is somewhat acted on by long contact 
with boiling water; and consequently the drying- tube loses weight to 
a slight extent in the course of the operation. However, different 
IriTidfi of glass vary in this respect 
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§29. 

e. Substances which persistently retain moisture at 100°, or become com- 
pletcly dry only after a very long time ; hut which are decomposed hy a red 
heat. 

The drying of such substances is effected in baths of air, oil, paraffin, 
or mercury, or on the drying disk (§ 31), at a temperature of 110°, 
120 °, or still higher, sometimes with the aid of a current of air, some- 
times without, sometimes in rarefied air, sometimes in dilute carbonic 
acid. 

Figs. 36 and 37 represent two air-baths of the simplest construc- 
tion ; the former adapted for the simultaneous drying of several 
substances, the latter more particularly suited for the drying of a single 
substance. 

In fig. 36, ah 2 L case of strong sheet copper, soldered with brass, 
of a width and depth of 15 to 20 cm., and corresponding height. The 
aperture c receives a perforated cork, into which is fixed a thermometer, 
d, which reaches into the interior of the case 5 c is a wire stand, on 


d 



Fig. 36. Fig. 37. 


which are placed the watch-glasses with the substances to be dried. 
The case is neated by means of a gas-, spirit-, or oil-lamp. When the 
temperature has once reached the intended point, it is easy to maintain 
it pretty constant, by regulating the flame.* In order to limit as much 
as possible the cooling from without, it is advisable to put over the 
whole apparatus a pasteboard hood with a movable front. 

In fig. 37, .4 is a box of strong sheet copper, about 11 cm. high, 
and 9 wide. The box is closed with the loose-fitting cover JB, which 

• With a gas-lamp, Kbhp's regulator improved by Bunskn (made by Dxsaoi, 
Heidelberg), may advantageously be used to obtain constant temperatures. An alte- 
ration in this instrument has been recommended by T. Souobbr (Zeitschr. f. anal. 
Chem. 213). Sohkidlbr*b regulator {lb, 7, 88) is more certain in its action, espe- 
cially when the pressure of the gas is liable to sudden changes, but, as it depends ea 
an electro-magnet, its construotion is moro complicated. 
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is provided with a narrow rim, and has two apertures, C'and E\ Cis 
intended to receive the thermometer 2>, which is fitted into it by a per- 
forated cork, E affords an exit to the aqueous vapors, and is, according 
to circumstances, either left open, or loosely closed. In the interior of 
the box, about half way up, are fixed three pins, supporting a triangle 
of moderately stout wire, upon which the crucible witn the substance is 

placed uncovered. The bulb of the 
* thermometer approaches the crucible 

as closely as possible, but without 
touching the triangle. The heating 
is effected by means of a gas- or 
spirit-lamp. When the apparatus 
has cooled sufficiently to be laid 
hold of without inconvenience, the 
lid is removed, the crucible, which 
is still warm, taken out, covered, 
and allowed to cool in a desiccator ; 
and weighed when cold. 

The air-bath, fig. 38, serves for 
the dr 3 dng of substances in a bulb- 
tube, with simultaneous application 


t of a current of dr}^ air. The appa- 
ratus consists of a box made of sheet 
iron, of the following dimensions : — 

e = 6 cm. The apertures of both 
sides have a diameter of 10 mm. 
The bulb of the thermometer should 
be on a level with that of the bulb- 
tube, touching it at the side. To 
this end, the aperture A must not 
be placed in the middle line, but 
1 cm. behind it. It is easy to attain 
in this apparatus a temperature of 

current of dry air, one of the pro- 
jecting ends of* the bulb-tube is con- 
nected with the h^^draulic air pump 
(§ 4?), or an as})irator, as in fig. 34, 
the other with a chloride of calcium 
tube, or wash bottle containing 
sulphuric acidj the current should 
be somewhat rapid at first, slower 
Fig. 38. afterwards. If it is intended to 

weigh the tube with the dried sub- 
stance, it is allowed to cool, with a current of dry air still continuing 
to pass through. 

In the air-bath, fig. 39, the drying is promoted by alternate exhaus- 
tion and re-admission of air. a represents a vessel of strong sheet 
copper, soldered with brass, and provided with two apertures at the 
top ; ^ is a small glass tube, containing the substance } o a ther- 
mometer ; d a chloride of calcium tube ; e an exhausting syringe, for 
which, of course, a mercurial or an hydraulic air-pump may be 
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substituted. The operation is commenced by heating* a to the desired 
deg*ree ; I and d are then exhausted. After the lapse of a few minutes, 
fresh air is readmitted through the stop-cock/, which, passing over the 



Fig. 89. 


chloride of calcium in d, is completely dried. The same process of 
alternate exhaustion and readmission of air is repeated until the interior 
of the tube g ceases to exhibit even the faintest trace of moisture, when 
cooled by the apjdication of wool saturated with ether. 


§ 80. 

The copper apparatus rei)rcsented m fig. 31 is employed also as an 
oil-bath ; when used for tliat purpose, the outer case is filled two- 
thirds with refined rape-oil. To note the temperature, a thermometer 
is inserted, by means of a perforated cork, in the aperture a ; with the 
bulb reaching nearly to the bottom, or, at all events, entirely immersed 
in the oil. As the oil, when heated, emits a 
most disagreeable smell, I often use j>araflin 
instead. The air-bath represented in fig. 89 
will also serve the purpose of an oil-bath. Jf 
it is intended to weigh the substance after 
drying in a tube, a shorter tube is selected for 
the purpose, which readily admits of insertion 
into the tube standing in the oil. 

Many organic suostances, when dried at a 
somewhat high temperature, suffer alteration 
by tlie action of the atmos]>heric oxygen (F. 
liocHLEDER*). In the drying of such sub- 
stances, oxygen must accordingly be excluded. 

Figs. 40 and 41 represent the apparatus de- 
vised by Rochledek for this purpose. The 
former may also be advantageously used for 
drying in a current of air. In the latter the 
drying is effected in a rarefied gas. li in fig. 40 
is a copper plate cylinder, 18 cm. high and 9 cm. Fig. 40. 

• Journ. f. prakt. Chem. 66, 208. 
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in diameter, it is filled with oil or pafafiin. A is fixed in J?, it is made of 
iron or ^lass and contains mercury, in which a thermometer and the tube 
C dip. C contains the substance. The dried gas (hydrogen, carbonic 





Pig. 41. 


acid, air, &c.) enters at b and escapes at a, if necessary through a 
chloride of calcium tube. To prevent the current from blowing on to 
the powdered substance the end of is bent upwards. The advantage 
of having mercur}' in A is that C is not soiled. In fig. 41 the cock // 
is screwed on at a, to the air-pump ; If is connected, by means of an 
india-rubber tube, with a caoutchouc-bag (or a bladder), filled with 
carbonic acid. is an oil-bath ; tlie temperature of the batli is noted 
by means of a thermometer ; is a wide-mouthed vessel of strong 
glass, placed in the bath, which serves to receive the substance to be 
dried, contained in a glass tu]>e as wide as practicable, and sealed at 
the bottom. By working the air-pum]> with the cock 1/ o]>en and /i' 
closed the air in S is rarefied ; by closing //, and opening //', the 
ajiparatus is filled with carbonic acid, freed from moisture in its jiassage 
through the chloride of calcium tube, O'. By re]>eatiijg this operation, 
the apparatus is filled completely w ith dry carlionic acid. If' is then 
closed, and tlie pump set to w’oik. The oil-bath is then heated to the 
desired degree, carbonic acid being admitted, from time to time, through 
If\ With the carbonic acid pumped out, after closing the cock //', is 
removed also tlie moisture absorbed by it, wdiicb is retained in the 
chloride of calcium tube O. The entire operation is completed within 
an hour. 

§ 31. 

In technical and agricultural chemical processes, when it is required 
to dry a number of samples simultaneously at a rather high tempera- 
ture, the drying-disk, devised by myselt^ and represented in fig. 413, will 
be found convenient. 

This apparatus consists of a turned cast-iron plate, 37 mm. thick 
and 131 cm, in diameter ; the weight is about 8 kilogrammes. Owing 
to the latter circumstance, the beat is very uniformly diffhsed through 
its entire mass, and it is easy to maintain it stea'dily at the desired 
temperature. The plate has six smooth cylindrical cavities, at equal 
distances from each other and the centre, in which six turned brass 
pans, of 55 mm. diameter and 18 mm. height in the clear, are fitted 
somewhat loosely, to admit of their ready removal after heating. The 
pans are provided with small handles, turned towards the peri])hery of 
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the disk, and resting in appropriate grooves. Behind every cavity is 
stamped on the plate a number, from 1 to 6 ; the handles of the pans 
bear corresponding numbers, so that every pan has its own proper 
cavity. The distance from the centre of tbe 
plate to the centre of the pans is 6*5 cm. ; 
the rims of the pans are level with the sur- 
face of the plate. Five of the pans are 
intended to receive the samples (ores, parts 
of plants, &c.); the sixth receives the 
thermometer, to which end a brass ring is 
fitted into it, projecting 3 cm. above the 
surface. The pan, which is thereby height- 
ened, is filled with brass or copper filings, 
and the bulb of the thermometer immersed 
in these down to the bottom. The lamp is 
placed under the centre of the plate. 

J‘, Substances which suffer no alteration at 
aredheat^ such as sulphate of baryta, pearl- 
ash, ifec., are very readil}' freed from 
moisture. They need sim])ly be heated in 
a platinum or ])orcelain crucible over a gas 
or spirit-lamp until the desired end is 
attained. I’lie crinuble, having fii’st been 
allowed to cool a little, is put, still hot, in 
a desiccator, and finally weighed when 
cold. 

III. General Procedure in Quan- 
titative Analysis. 

§ 32 . 

Jt is important, in the first place, to 
observe that we embrace in the followring 
general analytical method only the sepa- 
ration and determination of the metals and 
their combinations with the metalloids, '^2. 

and of the inorganic acids and salts. With 

respect to other compounds, it is not easy to lay down a universally 
apjdicable method, except that their con.^tituents usually require to be 
converted first into acids or bases, before their separation and estima- 
tion can be attempted ) this is the case, for instance, wdth the sulphide 
of phosphorus, chloride of sulphur, chloride of iodine, sulphide of nitro- 
gen, (icc. 

The quantitative analysis of a substance presupposes an accurate 
knowledge of its proj)erties, and of the nature of its constituents. 
These data will enable the operator at once to decide whether the direct 
estimation of each constituent is necessary ; whether he need operate 
only on one portion of the substance, or whether it w^ould be ad- 
vantageous to determine each constituent in different portions. Let 
us suppose, for instance, we have a mixture of chloride of sodium and 
anhydrous sulphate of soda, and wish to ascertain the proportion in 
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'which these two substances are mixed. Here it would be superfluous 
to determine each constituent directly, since the determination either 
of the quantity of the chlorine, 0/ of the sulphuric acid, is quite 
sufficient to answer the purpose ; still the estimation of both the 
chlorine and the sulphuric acid will aflbrd us an infallible control for 
the correctness of our analysis ; since the united weights of these two 
substances, added to the "sodium and soda respectively equivalent to 
them, must be equal to the weight of the substance taken. 

These estimations ma\" be made, either in one and the same j)ortion 
of the mixture, by first precipitating the sulphuric acid with nitrate 
of baryta, and suirsequently the hj^drochloric acid from the flltrate with 
nitrate of silver ; or a separate portion of the mixture may be appro- 
priated to each of these two operations. Unless there is some objec- 
tion ^to its use (c.,/7., deficiency or heterogeneoiisness of substance), the 
latter method is more convenient and generally yields more accurate 
results ; since, in the former method, the unavoidable w^ashing of the 
first precipitate swells the amount of liquid so considerably that the 
analysis is thereby delayed, and loss of substance less easily guarded 
against. 

Before beginning all analyses, at least those of a more complex 
nature, the student should write out an exact jdan, and accurately note 
on paper, during the entire process, everything that he does. It is in 
the highest degree unwise to rely on the memory in a com])licated 
analysis. When students, wdio imagine they can do so, come, a week 
or a fortnight after they have begun their analysis, to work out the 
results, tliey And generally too late that they have forgotten much, 
which now ajqiears to them of importance to know. The intelligent 
pursuit of chemical analysis consists in the projecting and accurate 
testing of the plan ; acuteness and the ]»ower of ]»assing in review^ all 
the influential chemical relations must here sujq)ort each other. He 
who works without a thoroughly thought-out jdan, has no right to say 
he is practising chemistry ; for a mere uiitliinkiiig stringing togetlier 
of a series of filtratioiis, evaporations, ignitions, and w eighings, how - 
soever w^ell these several o])er?*ti*njs may be performed, is not chemistry. 

W> w ill now proceed to describe the various operations constituting 
the process ot quantitative analysis. 

§ 03 . 

1. Weighing the Substance. 

The amount of matter required for the quantitative analysis of a 
substance depends upon the nature of its constituents • it is, therefore, 
impossible to lay dowm rules for guidance on this point. Half a 
gramme of chloride of sodium, and even less, is sufficient to effect the 
estimation of the chlorine. For the quantitative analysis of a mixture 
of common salt and anhydrous sulphate of soda, 1 gramme wdll suffice ; 
whereas, in the case of ashes of plants, complex minerals, &c.y 3 or 4 
famines, and even more, are required. 1 to 3 grm. can therefore be 
indicated as the average quantity suitable in most cases. For the 
estimation of constituents present in very minute jjroportions only, as, 
for instance, alkalies in limestones, phosphorus or sulphur in cast-iron, 
dbc., much greater quantities are often required — 10, 20, 60 , 100, or 
200 grammes. 
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The greater the amount of substance taken the more accurate will 
be the analysis ; the smaller the quantity, the sooner as a rule will 
the analysis oe finished. We would advise the student to endeavour 
to combine accuracy with economy of time. The less substance he 
takes to operate upon, the more carefully he ought to weigh ; the 
larger the amount of substance, the less harm can result from slight 
inaccuracies in weighing. Somewhat large quantities of substance are 
generally weighed to 1 milligramme ; minute quantities, to milli- 
gramme. 

If one portion of a substance is to be weighed off, we first weigh 
wo watch-glasses which fit on each other, or a platinum crucible with 
lid, then we put some substance in, and weigh again ; the 
difference between the two weighings gives the weight of 
he substance taken. This mode of weighing off, however, 
is only to be recommended if the substance is to be further 
treated in the watch-glasses or crucible, if it is not of a 
ature to adhere, or if adherent particles may be rinsed 
away with water. If the substance is to be treated in a 
ffiisk or beaker with a concentrated solvent, it is better to 
weigh off in a small glass tube sealed at one end. In this 
case the ojierator should know the approximate weight of 
the tube. When the tube has been filled with the sub- 
stance, it is weighed exactly, nearly the whole quantity or 
a suitable portion is then shaken out into the flask or beaker, 
the tube is w^eiglied again and the loss of weight shows the 
amount of substance taken. For hygroscopic substances the 
tube should be closed ; the arrangement rejiresented in 
fig. 4d will generally answer the purpose. 

li'si‘vcral quantities of a substance are to be operated upon, the best 
way is to weigh off* the several portions successively ; which may be 
accomplished most readily by weighing in a glass tube the whole 
amount of substance, and then shaking out of the tube the quantities 
required one after another into ajqirojiriate vessels, weighing the tube 
after each time. The work may often also be materially lightened, by 
weighing off a large portion of the substance, dissolving this to J, J or 
1 litre, and taking out for the several estimations aliquot parts, with 
the 50 or 100 c.c. ])ij)ette. The first and most essential condition of 
this proceeding, of course, is that the pijiettes must accurately correspond 
with the measuring flasks (§§ 18 and 20). 

§ 34. 

2. Estimation op Water. 

If the substance to be examined — after having been freed from 
moisture by a suitable drying process (§§ 26 to 32) — contains water, it 
is usual to begin by determining the amount of this water. This 
tion is generally simple ; in some instances, however, it has its oim- 
culties. This depends upon various circumstances — viz., whether t le 
compounds yield their water readily or not; whether they can bear a 
red heat without suffering decomposition; or w-hether, on the con- 
trary, they give off other volatile substances, besides water, even at a 
lower temperature. 
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The correct knowledf^e of the constitution of a compound depends 
frequently upon the accurate estimation of the water contained in it ; 
in many cases — ^for instance, in the analysis of the salts of known 
acids — the estimation of the water alone is sufficient to fix the formula. 
The estimation of water is, therefore, one of the most important, as well 
as most frequentl}^ occurring* operations of quantitative analysis. It 
may be effected in two ways — viz., /?, from the Joss of weight consequent 
upon the expulsion of the water ; by by weighing the amount of water 
expelled. 


§ 35. 

«. Estimation of Water from the Loss of Weight. 

This method, on account of its simplicity, is most frequently 
employed. The mode of proceeding de})ends u])on the nature of the 
substance. 

a. Tlte substance hears ignition tvithout losing other cmistitnents hisides 
water^ and /nthout absorbing oxygen. — The substance is weighed in a 
platinum or porcelain crucible, and jdaced over the gas- or sjiirit-lamj) ; 
the heat should ])e very gentle at first, and gradually increased. When 
the crucible has been maintained some time at a red heat, it is allowed 
to cool a little, put still warm under the desiccator, and finally weighed 
when cold. Ihe ignition is then re]>eat(‘d, and the weight again 
ascertained. If no further diminution of weig-ht has taken place, the 
jirocess is at an end, the desired object being fully attained. Ilut if the 
weight is less than after the first heating, the operation must be re- 
peated until the weight remains constant. 

In the (’use of silicates, the heat must be raised to a very high degree, 
since many of them (e.g. talc, steatite, iie])lirite), only begin at a red 
heat to give off water, and require a yellow heat for tiie complete 
expulsion of that constituent (Th. Scheerkr).* Such bodies are there- 
fore ig-nited over the bellow^ blowpi[)e. If any coloration of the flame 
18 observed, this indicates volatilization of alkalies. 

In the case of substance® tLat have a tendency to intumesce, or 
spirt, a small flask or retort may sometimes be advantageously substi- 
tuted for the crucible. Care must be taken to remove tlie last traces 
of aqueous vajior from the vessel, b}" suction through a glass tube. 

Decrepitating salts (chloride of sodium, for instance) are put—finelv 
•pulverized, if possible — in a small covered platinum crucible, wliicli is 
then placed in a large one, also covered; the whole is weighed, then 
heated, gently at first for some time, then more strongly; finally, after 
cooling, weighed again. 

The substance loses on ignition other constituents besides water ^ {horacic 
acidy sulphuric cu:idy ^fluoride of' sUicony S^c.) — Here the analyst has to 
consider, in the first place, whether the water may not be expelled at a 
Iqwer degree of heat, which does not involve the loss of other consti- 
tuents. If this may be done, the substance is heated cither in the 
water-bath, or where a higher temperature is required, in the air- or 
oil-bath, the temperature being regulated by the thermometer. The 
expulsion of the water may be promoted by a current of air (compare 
§§ 29 and 30) ; or by the addition of pure dry sand to the substance, to 

* Jahresber. von Lisbio n. Kopp, 1861, 610. 
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keep it porous.* The process must be continued under these circum^ 
stances also, until the weight remains constant. 

In cases where, for some reason or other, such gentle heating is 
insufficient, the analyst has to consider whether the desired end may 
not be attained at a red heat, by adding some substance that will re- 
tain the volatile constituent whose loss is apprehended. Thus, for 
instance, the crystallized sulphate of alumina loses at a red heat, besides 
water, also sulphuric acid ; now, the loss of the latter constituent may 
be guarded against, by adding to the sulphate an excess (about six 
times the quantity) of finely pulverized, recently ignited, pure oxide of 
lead. But the addition of this substance will not prevent the escape of 
tluoride of silicon from silicates when exposed to a red heat (LisTf). 
Thus again, the amount of water in commercial iodine may be deter- 
mined by triturating it with eight times the quantity of mercury, and 
drying the mixture at 100° (BolleyJ). For the estimation of water in 
comj>ounds containing silicon and fluorine, magnesia is added to the 
substance. For this purpose calcined magnesia in amount about twice 
that of the substance is ignited in a platinum crucible, then weighed, 
and stirred with warm water to a thick paste, the weighed substance is 
added and mixed up with a platinum wire of known weight, more water 
lb added if necessary, and lastly, the mixture is cautiously dried and 
ignited. The loss of weight is equal to the water contained in the 
substance, for the products of the decomposition, fluoride of magnesium, 
silicic acid, and metallic oxide, weigh the same as the anhydrous 
substance and the mag-nesia. If the separated metallic oxide takes up 
oxygen by ignition in tlie air (such as protoxide of iron) a correction 
will of course be necessary (F. Stolba§). 

y, TJw auhstaiice cofitauis seoeral lUJferently combifwd quantities of water ^ 
which require different degrees of temperature for expulsion. — Substances of 
this nature are heated first in the water-bath, until their weight re- 
mains constant ; they are then exjiosed in the oil- or air-bath to 150, 
200, or 250^, etc., and finally, when practicable, ignited over a gas- or 
spirit-lamp. In such exjieninents I prefer the apparatus, fig. 38. The 
bulb- tube may be replaced by a tube of uniform width, in which slides a 
little porcelain boat for the reception of the substance. In order to 
prevent the dehydrated substance attracting water while on the balance 
the boat is always weighed in a corked glass tube. In this manner 
ditterently combined quantities of water may be distinguished, and 
correctly estimated. Thus, for instance, crystallized sulphate ol copjier 
contains 28*8? per cent, of water, which escapes at a temperature below 
140°, and 7*22 per cent., which escapes only at a temperature between 
220° and 200°. It is often advisable to assist the action of heat by 
rarefaction of the air. Thus sulphate of magnesia, when dried in vacuoy 
over sulphuric acid at 100°, loses 5 eq. water; dried in the air at 132 , 
it loses the sixth, and at a moderate red heat, the seventh equivalent 
of water. 

d. When the substance has a tendency to absorb oxygen (from the pre- 
sence of protoxide of iron, for instance) the water is better determined 
in the direct w'ay, than by the loss (§ 30). 

* Ann. d. Chem. u. Pharm. 53, 233. t lb. 81, 189. 

X DiWGLEtt’s Polyt. Journ. 126, 39. § Zeitsebr. f. anal. Cbem. 7, 96. 
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§ 36 . 

1. Estimation of Water by Direct Weighing. 

This method is resorted to by way of control, or in the case of sub- 
stances which, upon ignition, lose, besides w liter, other constituents, which 
cannot be retained even by the addition of some other substance 
carbonic acid, oxyg'en), or in the case of substances containing bodies 
inclined to oxidation protoxide of iron). The principle of the 
method is to expel the water by the application of a red heat, so as to 
admit of the condensation of the aqueous vapor, and the collection of 
the condensed water in an appropriate ajiparatus, partly physically, 
partly by the agency of some hygroscopic substance. The increase in 
the weight of this apparatus represents the quantity of the water ex- 
pelleds 

The operation may be conducted in various ways ; the following, 
however, is one of the most appropriate : — 



Fig. 44. 


B represents a gasometer filled with air ; & a flask half filled with 
concentrated suljihuric acid ; c and a o are chloride of calcium tubes ; 
d is a bulb- tube. The substance is weighed in the perfectly dry tube d, 
which is then connected with c and the weighed chloride of calcium 
tube a 0, by means of sound and well-dried perforated corks. T’he 
operation is commenced by opening the stop-cock e a little, to allow the 
air, which loses all its moisture in h and c, to pass slowly through rf; 
the tube d is then heated to beyond the boiling-point of water, by 
holding a lamp towards /, taking care not to burn the cork ; and finally, 
the bulb which contains the substance is exposed to a low red heat, the 
temperature aty being maintained all the while at the point indicated. 
When the expulsion of the water has been accomplished, a slow current 
of air is still kept up till the bulb-tube is cold \ the apjiaratus is then 
disconnected, and tne chloride of calcium tube a o, weighed. The 
increase in the weight of this tube represents the quantity of water 
present in the substance. The empty bulb «, in which the greater por- 
tion of the water collects, is intended not only to prevent the liquefac- 
tion of the chloride of calcium, but enables the analyst also to test the 
condensed water as to its reaction and purity. 

The apparatus xusy, of course^ be modined in various ways \ thus^ 
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§ 86 .] 

the chloride of calcium tubes may be U-shaped; a U-tube, filled with 
pieces of pumice-stone saturated with sulphuric acid, may be substi- 
tuted for the flask with sulphuric acid ; and the gasometer may be 
replaced by an aspirator (fig. 34) joined to o. The tube c may not be 
omitted, for I have found* that air after being dried by suljdiuric acid, 
takes up moisture from chloride of calcium. If o were omitted, the air 
escaping at o would be slightly moister than the air entering the bulb- 
tube, and consequently a little water would be lost. 

The expulsion of the aqueous vapor from the tube containing the 
substance, may be effected also by other means than a current of air 
supplied by a gasometer, aspirator, or hydraulic air-pump ; viz., the 
substance may be ignited in a dry^ tube, with carbonate of lead, since 
the carbonic acid of the latter, escaping at a red heat, serves here the 
same purpose as a stream of air. This method is principally applied 
in cases where it is desirable to retain an acid which otherwise would 
volatilize with the water ; thus, it is applied, for instance, for the direct 
estimation of the water in bisulphate of potassa, &c. 



Fig. 45. 


Fig. 45 represents the disposition of the apparatus. 

ah is a common combustion furnace ; cf a tube filled as follows ; — 
from c tod with carbonate of lead,t from d toe the substance intimately 
mixed with carbonate of lead, and from e to f pure carbonate of lead. 
The chloride of calcium tube being accurately weighed, is connected 
by means of a well-dried perforated cork, J‘\ The operation is com- 
menced by surrounding the tube with red-hot charcoal, advancing from 
f' towards c ; the fore part of the tube which })rotrudes from the fur- 
nace should be maintained at a degree of heat w hich barely permits the 
operator to lay hold of it with his fingers. All further particulars of 
this operation will be found under Organic Analysis. The mixing is 
performed best in the tube with a wire. The tube cf' may be short 
and moderatel}’^ narrow. The charcoal furnace may, of course, be re- 
placed by a gas furnace. 

The volatilization of an acid cannot in all cases be prevented by 
oxide of load ; thus, for instance, we could not determine the water in 
crystallized boracic acid by the above process. This could readily be 
done, however, by igniting the acid mixed with excess of dry carbonate 
of soda in a glass tube drawm out behind like an erect tail, receiving 
pie water in a chloride of calcium tube, and sweeping the residual vapor 
into the chloride of calcium tube by suction, after the point of the tail 
has been broken off. (See Organic Analysis.) 

The foregoing methods for the direct estimation of water do not, 
however, embrace all cases in which the methods described in § 35 ' 
are inapplicable ; since they can be employed, only if the substances 
escaping with the water are such as will not wholly or partly condense 
in the chloride of calcium tube (or in a tube filled with })otash or 

* Ztiitsohr. f. aual. Chem. 4, 177. 

f The carbonate of lead must have been previously ignited to incipient decomposi- 
tion, and cooled in a closed tube. 
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with pumice-stone saturated with sulphuric acid, which might he 
used instead). Thus they are perfectly well adapted for determining 
the water in the basic carbonate of zinc, but they cannot be applied to 
determine the water in sulphate of soda and ammonia. With 
substances like the latter, we must either have recourse to the processes 
of organic analysis^ or we must rest satisfied with the indirect estimation 
of the water. 

§ 37 . 

3. Solution of Substances. 

Before pursuing the analytical process further, it is in most cases 
necessary to obtain a solution of the substance. This operation is 
simple where the body may be dissolved by direct treatment with water, 
or acids, or alkalies, &c. ; but it is more complicated in cases where the 
bodv requires fusion as an indispensable preliminary to solution. 

When we have mixed substances to operate upon, the component 
parts of which behave differently with solvents, it is not by any means 
necessary to dissolve the whole substance at first ; on the contrary, the 
separation may, in such cases, be often effected, in the most simple and 
expeditious manner, by the solvents themselves. Thus, for instance, a 
mixture of nitrate of potassa, carlionate of zinc, and sulphate of baryta, 
may be readily and accurately analysed by dissolving out, in tbe first 
place, the nitrate of potassa with water, and subsequently the carbonate 
of zinc by hydrochloric acid, leaving the insoluble sulphate of baryta. 

§ 38. 

a . Direct Solution. 

The direct solution of substances is effected, according to circum- 
stances, in beakers, fiasks or dishes, and may, if necessary, be pro- 
moted by the application of heat ; for which purpose the water-bath 
will 1)6 found most convenient. In cases where an open fire, sand-bath, 
iron-plate or gauze-plate is resorted to. the analyst must take care to 
guard against actual ebullition of ihe fluid, since this would render a 
loss of sub^tance from spirting almost unavoidable, especially when the 
process is conducted in a dish. Fluids containing a sediment, either 
insoluble, or, at least, not yet dissolved, will, when heated over the 
lamp, often bump and spirt even at temperatures far short of the 
boiling-point. 

In cases where the solution of a substance is attended with evolu- 
tion of gas, the process is conducted in a flask, placed in a sloping 
position, so that tne spirting drops may be thrown against the walls of 
the vessel, and thus secured from being carried off with tlie stream of 
the evolved gas ; or it may be conducted in a beaker, covered with a 
large watch-glass, which, after the solution is effected, and the gas 
expelled by gentle heating, must be thoroughly rinsed with the washing 
bottle. 

In cases where the solution has to be eflected by means of con- 
centrated volatile acids (hydrochloric acid, nitric acid, aqua regia), the 
operation should never be conducted in a dish, but always in a flask 
covered with a watch-glass, or placed in a slanting position, and the 
application of too high a temperature must be avoioea. The operation 
snould always be conducted ^o under a hood, with proper draught, to 
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carry oflf the escaping' acid vapors. No arrangements for carrying off 
fumes can be recommended in which the flasks are closed by corks or 
india-rubber stoppers, as the latter are attacked by acids and the 
solutions may be contaminated by organic substances, sulphuric acid 
(from the sulphur of the india-rubber) and other matters. It is often 
necessary, in conducting a process of solution, to guard against the 
action of the atmospheric oxygen ; in such cases, a slow stream of 
carbonic acid is transmitted through the flask ; in some cases it is 
suflicient to ex])el the air, by simply putting a little bicarbonate of soda 
into the flask, containing an excess of acid, before introducing the 
substance. 

In selecting vessels for use in this operation, it must be remembered 
that their substance is liable to be attacked by the solvent. As a 
general rule we may say that glass is slightly acted on by acids, and 
strongly by alkalies. Comp. § 41. * 

§ 30. 

h . Solution, pheckded by Fusion. 

Substances insoluble in water, acids, or aqueous alkalies, usually 
require decomj)osition by fusion, to prepare them for analysis. Sub- 
«>tances of this kind are often met with in the mineral kingdom ; most 
♦silicates, the suljihates of the alkaline earths, chrome ironstone, &c., 
belong to this class. 

The object and general feature's of the process of fusion have already 
lieen treated of in the Qualitative Analysis. The s])ecial methods of 
conducting this important operation will be described under The 
Analysis of Silicates, and m the projier places ; as a satisfactory de- 
scription of the process, with its various modifleations, cannot well be 
given without entering more minutely into the particular circumstances 
of the several s])ecial cases. 

Decomposition by fusion often requires a higher temperature than 
is attainable with a spirit-liim}) with double draught, or with a common 
gas-lamp. In such cases, the glass-blower’s lamp, fed with gas, is used 
with advantage. 

§ 40. 

4. Conversion of the dissolved Substance into a 

WEIQHABLE FoRM. 

The conversion of a substance in a state of solution into a form 
adapted for weighing may be effected either by evaporation or by 
preapitatum. 

The former of these operations is applicable only in cases where the 
substance, the weight of which w'e are desirous to ascertain, either 
exists already in the form suitable for the determination oi its weight, 
or may be converted into such form by evajioration in conjunction with 
some reagent. The solution must, moreover, contain the substance 
unmixed, or, at least, mixed only with such bodies as are expelled by 
evaporation or ignition. Thus, Vor instance, the amount of sulphate of 
soda present in an aqueous solution of that substance may be ascertained 
by simple evaporation ; whilst the carbonate of potassa contained ^ 
solution had always better be converted into chloride of potassium, by 
evaporating with solution of chloride of ammonium. 
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Precipitadon may always be resorted to, whenever the substance in 
soludon admits of being* converted into a combination which is insoluble 
in the menstruum present, provided that the precipitate is fit for 
determination, which can never be the case unless it can be washed 
and is of constant composition after drying or ignition. 

§ 41. 

a. Evaporation. 

In processes of evaporation for pharmaceutical or technico*chemical 
purposes the principal object to be considered is saving of time and 

fuel ; but in evaporating processes in (pian- 
titative analj^sis this is merely a subordinate 
« point, and the analyst has to direct his prin- 

cipal care and attention to the means of 
® 11 ^ guarding against loss or contamination of 

11 the substance operated upon. 

11 The simplest case of evaporation is when 

. we have to concentrate the elear^flvid^ wHlmd 

carrying the process to dryness. To effect this 
4MGi^p object, the fluid is ]>oured into a basin, 

which should not be filled more than two- 
U thirds. Heat is then applied by placing 

the basin either on a water-bath, sand- 
bath, common stove, or heated iron plate, 
or over the flame of a gas- or sj)irit-lamp, 
care being* taken always to guard ag*ainst 
actual ebullition, as this invariably and un- 
46. avoidably leads to loss from small drops of 

fluid spirting out. Evaporation over a gas- 
or spirit-lamj), when conducted with projier care, is an expeditious and 
cleanly process. Bunskn’s gas-lamj) (fig. 40), which has already been 

^ described in the 

f- Qualitative Ana- 

j i 

I i most advantage- 

I j ousl}' in operations 

Kind ; a 
little wire-gauze 
cap, loosely fitted 
upon the tube of 
B the lamp, is a ma- 

terial improve- 
ment. By means 

-- of this simple ar- 

rangement it is 
easy to produce 
even the smallest 
flame, without the 
least apprehension 
of ignition 
gas within the 
tube. 


rig. 47. 
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The lamp (fig. 47) lately introduced by the Brothers Maste, I can 
very highly recommend both for evaporation and ignition. It has *^a 
burner like that of Berzelius’s spirit-lamp, and gives a small or a very 
powerful flame equally 
well. I have had these 
lamps in use in my 
laboratory for a long 
time, and am much 
pleased with them. 

They are made of five 
diflerent sizes. 

For evaporating in 
dishes the furnace 
shown in fig. 48 is also 
admirably adapted. 

The heat in this case 
may be so reduced that 
the contents of the dish 
will evaporate quickly 
without boiling. 

If the evaporation 
is to be etfected on the 
w'ater-bath, and the 48. 

oi)erator happens to 

possess a Beindorf, or other similarly-constructed steam apparatus, 
the evaporating-dish may be placed simply on an opening corre- 
sponding in size. Otherwise recourse must be 
had to the water-l)ath, fig. 40. It is made of 
strong sheet copj>er, and when used is half filled 
with water, which is k(q)t boiling over a gas- or 
spirit-lamp. The breadth from a to h should be 
from 12 to 18 cm. Various flat rings of the same 
outside diameter as the top of the bath, and Fig. 49. 

adapted to receive dishes and crucibles of dif- 
ferent sizes, are essential adjuncts to the bath. These rings when 
required are simply laid on the bath. 

It w’ill occasionally happen that the w^ater in the bath completely 
eva])orates without the operator being aw^are of it ; this is a great 
inconvenience, as it will often occur, in such cases, tliat residues are 
heated to a higher degree than desirable ; that concentrated solutions 
spirt, &c. I therefore employ in my own laboratory, a w'ater-bath 
with constant level (see fig. oO). I'he apparatus consists of a zinc 
vessel, abed, 10 cm. high, 12 cm. in diameter; this is connected 
with the water-bath, ,//, by means of india-rubber, c, and a copper tube, 
/. A bottle, b i h I, made of sheet zinc, and filled with water, is inverted 
into the vessel abed-, the cylindrical ])art of the bottle is 17 cm. high, 
the diameter of the neck 3 cm.; the true orifice of the bottle, which is 
15 mm. wide, is at the beginning of the neck ; in the inverted position 
this orifice is closed by the valve, w. Upon inverting the bottle into 
abed, the wire u, striking upon the bottom of the vessel, opens the 
valve. By raising or lowering the pillar-support o, it is easy to 
establish any desired level in g, which will remain unaltered so long as 
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there is any water left in the bottle. The tube / is bent downward 
in the wnter-bath nearly to the bottom. 



Fig. 60. 

A simple arrangement for extingniisliin^ the flame when the water 
is dried up is described ])y K. Reuss,* and Runsen’s construction for 
constant water-baths is described by W. H, WAHL.f 

If the operator can conduct his processes of eva})oration in a room set 
apart for the ]mrpose, where he may easily jiuard against any occurrence 
tending to suspend dust in the air, he will find it no very difficult task to 
keep the evaporating^ fluid clean ; in this case it is best to leave the 
dishes uncovered.1 But in a large laboratory, w^here several are work- 
ing, or in a room exposed to draughts of air, or in which coal fires are 
burning, the greatest caution i> required to protect the evaporating 
fluid from contamination by dust or ashes. For this pur])ose the 
evaporating dish is either covered wfith a sheet of filtering j)aper, or a 
glass rod twisted into a triangular shape (fig. 51) is laid upon it, and 

* Zeitschr. f. anal. Chem. 9, 336. t lUd. 10, 88. 

t In my own laboratory, evaporating processeB in quantitative researches are con- 
ducted in separate closets. The floor and roof of these closets should be constructed 
of slabs of sandstone, and the wails of brick, lined with glased tiles or plaster of 
Paris. At the topmost part of the back wall is a horizontal channel of suflicient 
width, which at a short distance opens into a separate Russian chimney. No fire 
mutt ever be made under this chimney ; but it is most desirable to have it placed 
quite cloie to another chimney, i^hich is kept constanily warm by a fire (that of the 
steam appaimtus, for instance). Tbe front wall of the evaporating closet is formed of 
sandstoepillars eighteen decimetres high, in which are fitted sliding windows with 
wopdeo 
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a sheet of filterinp-paper placed over it, which is kept in position by a 
glass rod laid across, the latter again being kept from rolling down by 
the slightly turned up ends, 
a and &, of the triangle. 

The best way, however, is 
the following : — Take two 
thin wooden hoops (fig. 52), 
one of which fits loosely in Fig. 51. Fig. 52. 

the other ; place a sheet of 

blotting-paper on the smaller one, and push the other over it. This 
forms a cover admirably adapted to the purpose; and whilst in no 
way interfering with the operation, it completely protects the fluid 
from dust, and may be readily taken oiF ; the paper cannot dip into 
the fluid ; the cover lasts a long time, and may, moreover, at any time 
be easily renewed. 

It must be borne in mind, however, that the common filtering-paper 
contains always certain substances soluble in acids, such as lime, sesqui- 
oxide of iron, &c., which, vrere covers of the kind just described used 
over evaporating dishes containing a fluid evolving acid vapors, would 
infallibly dissolve in these vapors, and the solution dripping dowm into 
the evaporating fluid, would speedily contaminate it. Care must be 
taken, therefore, in such cases, to use only such filtering paper as has 
been freed by washing from substances soluble in acids. 

Evaporation for the ])urpose of concentration may be effected also 
in flasks; these are only half filled, and jdaced in a slanting position. 
The process may be conducted on the sand-bath, or over a gas- or 
spirit-lamp, or even, and with ecpial propriety, over a fire. Where the 
o])eration is conducted over a lamp or a charcoal fire, it is the safest 
way to place the flasks on wire gauze. Gentle ebullition of the fluid 
can do no harm here, since the slanting position of the flask guards 
effectively against risk of loss from the spirting of the liquid. Still 
better than in flasks the object mav be attained by evaporating in 
tubulated retorts with oi>en tubulure and 
neck directed oblicjuely upwards. The latter 
U 2 XS as a chimney, and the constant change 

air thus effected is extremely favorable to 
evaporation. 

Uw evaporation of ^fluids containing a preeijn- 
tate is best conducted on the water-bath ; 
since on the sand-bath, or over the lamp, it 
is next to impossible to guard against loss 
from bumping. This bumping is occasioned 
by slight explosions of steam, arising from the 
sediment impeding the uniform diffusion of 
the heat. Still there remains another, though 
less safe way, viz., to conduct the evapora- 
tion in a crucible placed in a slanting position, 
as illustrated in fig. 53. In this process, the 
flame is made to play upon the crucible above ^ig, 63. 

the level of the fluid. 

Wlitre afuidhas to he evaporated to dryness^ tus is so often the case, tlie 
operation should always, if possible, be terminated on the water-bath. 
Where the nature of the dissolved substance precludes the application of 
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the water-bath, the object in view may often be most readily attained 
by lieatinfT tlie contents of the dish from the top, which is effected by 
placing the dish in a proper position in a drying closet, whose upper 
plate is heated by a name (that of the water- or sand-bath) passing over 
It. If the substance is in a covered platinum dish or crucible, place 
the gas-lamp in such a position that the flame may act on the cover 
from above. 

In cases where the heat has to be applied from the bottom, a method 
must be chosen which admits of an equal diffusion and ready regulation 
of the heat. An air-bath is Avell adapted for this purpose, a dish 
of sheet iron, in which the porcelain or platinum dish is to be placed 
on a wire triangle, so that the two vessels may be at all points i to J 
inch distant from each other. The copper apparatus, fig. 49, may also 
serve as an air-bath, although I must not omit to mention that this 
mode*of application will in the end seriousl}' injure it. If the operation 
has to be conducted over a lamp, the dish should be placed high above 
the ffame ; best on wire gauze, since this will greatly contribute to an 
equal diffusion of the heat. The use of the sand-bath is objectionable 
here, because with that apparatus we cannot reduce the heat so s]>eodily 
as may be desirable. An iron jdate, or gauze plate, heated uy gas 
may perhaps be used with advantage. But no matter which method 
be employed, this rule a]»[)lies equally to all of tliem ; that the oj)erator 
must watch the process, from the moment that the residue begins to 
thicken, in order to prevent spirting, by reducing the heat, and break- 
ing the pellicles which form on the surface, with a glass rod, or a 
platinum wire or spatula. 

Saline solutions that luive a tendency ^ upon evaporation^ to creep vp the 
sides of the vessel, and may thus finally pass over the brim of the latter, 
tbereby involving the risk of a loss of substance, should be heated 
from the top, in the way just indicated ; since by that means the sides of 
the vessel will get heated sufficiently to cause the instantaneous evapora- 
tion of the ascending liquid, preventing thus its Overtiowing the brim. 
The inconvenience ]u^t alluaed to may, however, be obviated also, in 
most cases, by covering the ]>rim, and the uppermost part of the inner 
side of the vessel, with a very thin coat of tallow^, thus diminishing thi 
adhesion bet\seen the fluid and the vessel. 

In the case of liquids evolviny gas bubbles upon evaporating, particular 
caution is required to guard against loss from spirting. The safest way 
is to heat such liquids in an obliquely-placed flask, or in a beaker 
covered with a large watch-glass ; the latter is removed as soon as the 
evolution of ^as bubbles has ceased, and carefully rinsed into the glass, 
by means of a washing-bottle. If the eva])oration has to be con- 
ducted in a dish, a rather capacious one should be selected, and a very 
moderate degree of heat applied at first, and until the evolution of gas 
has nearly ceased. 

If a fluid has to be evajiorated with exclusion of air, the best way is 
to place the dish under the bell of an air-pump, over a vessel with sul- 
phuric acid, and to exhaust; or a tubulated retort may be used, through 
whose tubulure hydrogen or caibonic acid is passed by the aid of a tube 
not quite reaching to the surface of the fluid. 

Ihe vuiteriul oj the evaporating vessels may exercise a much greater 
influence on the results of an analysis than is generally believed. Many 
rather startling phenomena that are observed in analytical processes may 
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arise simply from contamination by the material of the vessel 5 great 
errors may also spring from the same source.* 

The importance of this point induced me some time ago to subject it 
to a careful investigation (see Appendix, Experiments, 1 — 4) and more 
recently A. EMMERLiNGf has still more thoroughly examined the 
matter, and arrived at results which substantially agree with mine. 

Distilled water kept boiling for some len^h of time in glass (flasks of 
Bohemian glass) dissolves ve^ appreciable traces of that material. 
This is owing to the formation of soluble silicates ; the particles dissolved 
consist chieny of potassa, or soda and lime, in combination with silicic 
acid. A much larger proportion of the glass is dissolved by water con- 
taining caustic or caroonated alkali; boiling solution of chloride of 
ammonium also strongly attacks glass vessels. This is especially the 
case with new flasks; flasks in which chloride of ammonium had<been 
boiled for some time lost far less on boiling with fresh chloride of 
ammonium than on boiling with water. Boiling dilute acids, with the 
exception, of course, of h 3 ’^drofluoric and h}"drofluosilicic acids, exercise 
a less powerful solvent action than pure water. Porcelain (Berlin dishes) 
is much less affected b}" water than glass ; alkaline liquids also exercise 
a much less powerful solvent action on porcelain than on glass ; the 
quantity dissolved is, however, still notable. Solution of chloride of 
ammonium acts on porcelain as strongly- as on glass ; dilute acids, 
though exercising no very powerful action on porcelain, yet attack that 
material more stronglj" than glass. It results from these data, that in 
anal^^ses pretending to a high degree of accuracy, platinum or silver 
dishes should alwa^'s be preferred. The former may oe used in all cases 
where no free chlorine, bromine, or iodine is present in the fluid, or can 
be formed during evaporation. Fluids containing caustic alkalies maj' 
safely be evaporated in platinum, but not to the point of fusion of the 
residue. Silver vessels should never be used to evaporate acid fluids or 
li(|uids contaiming alkaline sulphides ; but the}^ are admirably suited 
for solutions of caustic and carbonated alkalies. Where the use of 
porcelain or glass cannot be avoided, as in the evaporation of large 
amounts of fluid, porcelain generally deserves the preferenc.^; glass 
vessels should never be used in accurate analyses for alkaline fluids. 


§42. 

We come now to weirihmri the residues remainifuj upon the evaporation of 
Jfuids, We allude here simplj" to such as are soluble in water; those 
which are separated bv filtration will be treated of afterwards. Residues 
are generally weighed in the same vessel in which the evaporation has 
been completed, for wliicli purpose platinum dishes, from 4 to 8 cm. in 
diameter, provided with light covers, or large platinum crucibles, are 
best adapted, since they are lighter than porcelain vessels of the same 
capacity. 

However, in most cases, the amount of liquid to be evaporated is too 
large for so small a vessel, and its evaporation in portions would occupy 
too much time. The best way, in cases of this kind, is to concentrate 
the liquid first in a larger vessel, and to terminate the operation after- 

* Comp. A. SoucHAY, ZeitBchr. f. anal. Chem. 4, 66. 

+ Ann. d. Cliem. u. Piiariu. 150, 267 ; a’so Zeitschr. f. anal. Chem. 8. 4o4. 
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wards in the smaller weighing vessel. In transferring the fluid from 
the larger to the smaller vessel, the lip of the former is slightly greased, 
and the liquid made to run down a glass rod (fig. 54). Iinally the 
large vessel is carefully rinsed with a washing-bottle, 

f until a drop of the last rinsing leaves no residue upon 
evaporation on a platinum knife. When the fluid 
has thus been transferred to the weighing vessel, the 
evaporation is completed on the water-bath, and 
the residuary substance either ignited or dried. 
it is to hi' ignited the dish is covered with a lid of thin 
platinum (or a thin glass plate), and then placed high 
over the flame of a lamp, and heated very gently 
until all the water whicli mav still adhere to the 
Fig. 64. substance is expelled ; the disfi is now exposed to a 
• stronger, and Anally to a red-heat. (Where a glass 

plate is used, this must, of course, be removed before igniting.) It is 
w'ell to make the flame jdny obliquely on the cover from above, so as 
to run as little risk as possible of loss by spirting. After cooling in a 
desiccator, the covered dish is weighed with its contents. When 
operating upon substances wdiich decrepitate, such as chloride of 
sodium, ft 


sodium, for instance, it is advisable to expose them — after their removal 
from the w’ater-bath, and previously to the application of a naked 
flume — to a temperature somewhat abo\e 100°, either in the air-bath, 
or on a sand-batn, or on a common stove. 

Jf the residue does mt admit of ignition^ as is the case, for instance, with 
organic substances, ammoniacal salts, <fec., it is dried at a temperature 
suited to its nature. In many cases, the temjierature of the water-bath 
is sufAciently high for this purpose, for the drying of chloride of 
ammonium, for instance ,• in others, the air- or oil-bath must be resorted 
to (see §§ 20 and dO). Under any circumstances, the drying must be 
continued until the substance ceases to sufl’er the slightest diminution 
in weight, after renewed exposure to heat for half an hour. The dish 
should invariably be covered during the process of w eighing. 

As saline residues left on evajiuration when ignited or dried often 
have a tendency to attract moisture, the first weighing, which ahvays 
takes some length of time, frequently gives too high a result. It is 
well therefore, after this, to heat again, allow to cool in the desiccator, 
then place the first found weights on the balance, and afterwards the 
dish ; in which way the time spent in the actual weighing wdll be 
reduced to a minimum and the dish will not he needlessly exposed to 
the atmosphere. 

If, as will frequently happen, we have to deal with a fluid con- 
taining a small quantity of a salt of potassa or soda, the weight of 
which we want lo ascertain, in presence of a comparatively large 
amount of a salt of ammonia, which has been mixed with it in the 
course of the analytical process, I prefer the following method. The 
saline mass is thoroughly dried, in a large dish, on the water- bath, or, 
towards the end of the j/rocess, at a temperature somewhat exceeding 
100®. The dry mass is then, with the aid of a platinum spatula, 
transferred to a small glass dish, which is put aside for a time in a 
desiccator. The last traces of the salt left adhering to the large dish 
are rinsed ofiT with a little water into the small dish, or the large 
crucible, in which it is intended to weigh the salt ; the water is then 
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evaporated, and the dry contents of the glass dish are added to the 
residue ; the ammonia salts are now expelled by ignition, and the 
residuary fixed salts finally weighed. Should some traces of the saline 
mass adhere to the glass msh, they ought to be removed and transferred 
to the weighing vessel, with the aid of a little pounded chloride of 
ammonium, or some other salt of ammonia, as the moistening again 
with water would involve an almost certain loss of substance. 

§ 43. 

b . Precipitation. 

Precipitation is resorted to in quantitative analysis far more 
frequently than evaporation, since it serves not merely to convert 
substances into forms adapted for weighing, but also, and more 
especially, to separate them from one another. The principal intention 
in precipitation is to convert the substance in solution into a form in 
which it is insoluble in the menstruum present. The result will, 
therefore, mteris parilmSy be the more accurate, the more the pre- 
cipitated body deserves the epithet insoluble, and in cases where pre- 
cipitates are of the same degi-ee of solubility, that one will suffer the 
least loss, which comes in contact with the smallest amount of solvent. 

Hence it follows, First, that in all cases where other circumstances 
do not interfere, it is preferable to precipitate substances in their most 
insoluble form ; thus, for instance, baryta had better be precipitated as 
sulphate than as carbonate. Secondly, that when we have to deal with 
precipitates that are not quite insoluble in the menstruum present, we 
must endeavour to remove that menstruum, as far as practicable, by 
evaporation ; thus a dilute solution of strontia should be concentrated, 
before proceeding to precipitate the strontia with sulphuric acid. And, 
thirdly, that when we have to deal with precipitates slightly soluble in 
the liquid present, but insoluble in another menstruum, into which the 
former may be converted by the addition of some substance or other, 
we ought to endeavour to bring about this modification of the men- 
struum ; thus, for instance, alcohol may be added to water, to induce 
complete precipitation of chloride of platinum and ammonium, chloride of 
lead, sulphate of lime, &c. ; thus again, the basic phosphate of 
magnesia and ammonia may be rendered insoluble in an aqueous men- 
struum by the addition of ammonia. 

Precipitation is generally effected in beakers. In cases, however, 
where we have to precipitate from fluids in a state of ebullition, or 
where the precipitate requires to be kept boiling for some time with the 
fluid, flasks or dishes are substituted for beakers, w’ith due regard 
always to the material of which they are made (see § 41, at the end). 

Ihe separation of precipitates from the fluid in which they are sus- 
pended, is effected either by decantation or filtration, or by both these 
processes jointly. 

But, before proceeding to the separation of the precipitate by any 
of these methods, the operator must know whether tne precipitant has 
been added in sufficient quantity, and whether the precipitate is com- 
pletely formed. To determine the latter point, an accurate knowledge 
of the properties of the various precipitates must be attained, which we 
shall endeavour to supply in the third section. To decide the former 

f2 
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question, it is usunlly sufficient to add to the fluid (after the precipitate 
has settled) cautiously a fresh portion of the precipitant, and to note if 
a further turbidity ensues. This test, however, is not infallible, when 
the precipitate has not the property of forming immediately ; as, for 
instance, is the case with phospno-molybdate ol^ammonia. When this 
is apprehended, pour out (or transfer with a pipette) a small quantity 
of tne clear supernatant fluid into another vessel add some of the pre- 
cipitant, warm, if necessary ; and after some time observe whether a 
fresh precipitate has formed. As a g-eneral rule, the precipitated liquid 
should be allow^ed to stand at rest for several hours, before proceeding* 
to the separation of the precipitate. This rule applies more particularly 
to crA’stalline, pulverulent, and gelatinous precipitates, whilst curdy 
and flocculent precipitates, more particularly when the precipitation 
was eflfected at a boiling temperature, may often be filtered off im- 
mediately. However, w^e must observe here, that all general rules, in 
this respect, are of very limited application. 


§ 44. 

a. Separation of Precipitates by Decantation. 

When a precipitate subsides so completely and speedily in a fluid 
that the latter may be poured off perfectly clear, or drawn off w*ith a 
syphon, or removed by means of a pipette, and that the washing of the 
precipitate does not reijuire a very long time, decantation is often 
resorted to for its separation and w'ashing ; this is the case, for instance, 
wdth chloride of silver, metallic mercury, <fec. 

Decantation will alw’ays be lound a very expeditious and accurate 
method of separation, if the jirocess be conducted with due care ; it is 
necessary, how'ever, in most cases, to promote the speedy and complete 
subsidence of the jirecipitate ; and it may be laid dow n as a general 
rule, that heating the precipitate w ith the fluid will produce the desired 
effect. Nevertheless, there are instances in w hich the simjde ajijdica- 
tion of heat will not suffice ; in some cases, as wdth chloride of silver, 
for instance, agitation must be resorted to ; in other cases, some reagent 
or other is to be added — hydrochloric acid, fur instance, in the jirecipi- 
tation of mercury. We sliall have occasion, subsequently, in the fourth 
section, to discuss this point more fully, when we shall also mention the 
vessels best adapted for the application of this process to the various 
precipitates. 

After having washed the precipitate repeatedly wdth fresh quantities 
of the proper fluid, until there is no tjace of a dissolved substance to be 
detected in the last rinsings, it is placed in a crucible or dish, if not 
already in a vessel of that description ; the fluid still adhering to it is 
poured off as far as practicable, and the preeijutate is then, according 
to its nature, either simply dried, or ignited. 

A far larger amount of w^ater being required for washing precipi- 
tates by decantation than on filters, the former process can be exjiected 
to yield accurate results only where the preeijiitates are absolutely in- 
soluble. For the same reason, decantation is not ordinarily resorted to 
in cases where we have to determine other constituents in the decanted 
fluid. 

The decanted fluid must be allowed to stand at rest from twelve to 
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twenty-four hours, to make quite sure that it contains no particles of 
the pi ecipitate ; if, after the lapse of this time, no precipitate is visible, 
the fluid may be thrown away ; but if a precipitate has subsided, this 
had better be estimated by itself, and the weight added to the main 
amoiint ; the precipitate may, in such cases, be separated from the 
supernatant fluid by decantation, or by filtration. 

Separation of Precipitates by Filtration. 

This operation is resorted to whenever decantation is impracticable, 
and, consequently, in the great majority of cases ; provided always the 
precipitate is of a nature to admit of its being completely freed, by 
mere washing on the filter, from all foreign substances. Where this 
is not the case, more particularly, therefore, with gelatinous precipi- 
tates, hydrate of alumina for instance, a combination of decantation 
and filtration is resorted to (§ 48.) Suction is sometimes employed to 
hasten the process. 

§ 45. 

aa . Ordinary Filtration. 
aa. Filtering Apparatus. 

Filtration, as a process of quantitative analysis, is almost exclu- 
sively effected by means of paper. 

Plain circular filters are most generally emjdoyed ; plaited filters 
are only occasionally used. Much dej)ends upon the quality of the 
paper. Good filtering paj)er must possess the three following pro- 
perties ; first, it must completely retain the finest precipitates ; 
secondly, it musi filter rapidly ; and thirdly, it must be as free as 
possible from inorganic bodies, but more especially fiom such as are 
soluble in acid or alkaline fluids. 

It is a matter of some difliculty, however, to procure paper fully 
answering these conditions. The Swedish filtering paper, with the 
watermark J. II. Munktell, is considered the oest, and, conse- 
(^uently, fetches the highest price ; but even this answers only the 
first two conditions, being by no means sufficiently pure for very 
accurate analyses, since it leaves u])on incineration about -3 per cent, 
of ash,* and yields to acids perceptible traces of lime, magnesia, and 
sesquioxide of iron. For exact experiments it is, consequently, 
necessary first to extract the paper with dilute hydrochloric acid, then 
to wash the acid completely out with water, and finally to dry the 
paper. The preparation of such exhausted filters on a large scale is 
described in tne Qualitative Analysis. To exhaust a few filters, the best 
way is to place them one within the other in a funnel, as in filtering ; 
they are then moistened with a mixture of one part of ordinary pure 
hydrochloric acid with two parts of water, which is allowed to act on 
them for about ten minutes ; after this, all traces of the acid are 
carefully removed by washing the filters repeatedly with warm water. 
The funnel being then covered with a niece of paper, turned over the 
edges, is put in a warm place until tte filters are dry. Filter-paper 

* Plantamoub found the ash of Swedish filtering paper to consist of 63*28 siliotc 
acid, 12*83 lime, 6*21 magnesia, 2*94 alumina, and 18*92 sesquioxide of iron, in 100 
parte. 
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containing lead, and which is consequently blackened by sulphuretted 
hydrogen, should be rejected.’*' 

Ready-cut filters ot various sizes should always be kept on hand. 
Filters are either cut by circular patterns of pasteboard or tin, or, still 

better, by Mohr's filter-patterns 
(fig. 56). This little apparatus is 
made of tin-plate, and consists of 
two parts. R is a quadrant fitting 
in Ay whose straight edges are 
turned up, and which is slightly 
smaller than B. The sheets of 
filter-paper are first cut up into 
Fig. 65. squares, which are folded in 

quarters and placed in A-, then 
B is "placed on the top, and the free edge of the paper is cut off with 
scissors. Filters cut in this %vay arc perfectly circular and of equal 
size. Several pairs of these patterns ot various sizes (3, 4, 5, 6*6, and 
8 cm. radius) should be procured. In taking a filter for a given 
operation, you should always choose one which, after the fluid has run 
through, will not be more than half filled with the precipitate. 

As to the funnels, it is very important that their sides should be 
inclined at the angle of G0°, and that they should not bulge. Glass is 
the most suitable material for them. 

The filter should never protrude beyond the funnel. It should 
come up to one or two lines from the edge of the latter. The filter is 




Pig. 66. 


Fig. 67. 


firmly Dressed into the funnel, to make the paper fit closely to the side 
of the latter ; it is then moistened with water j any extra water is not 
poured out, but allowed to drop through. 

The stands shown in figs. 5G and 57 complete the apparatus for 


WIOUE, Aniial. d. Cbem. u. Pbarm. 112, 127. 
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filtering. The stand in fig. 66 is more particularly adapted fof the 
reception of larg-er funnels, and should therefore he made a little more 
solid than that in fig. 67, which is intended for the rec^tion of funnels 
of smaller size. The stands are made of hard wood. The arm holding 
the funnel or funnels must slide easily up and down ; and be fixable 
by the screw. The holes for the funnels must be cut conically, to keep 
the funnels steadily in their place. These stands are very convenient, 
and may be readily moved about without interfering with the operation. 

Rules to be observed in the Process of Filtration. 

In the case of curdy, flocculent, gelatinous, or crystalline preci- 
pitates there is no danger of the fluid passing turbid through the filter. 
But with fine pulverulent precipitates it is generally necessarjr and 
always advisable, to let the precij)itate subside, and then filter the 
supernatant liquid, before proceeding to place the precipitate upon the 
filter. We generally proceed in this way also with other kinds of pre- 
cipitates, especially witli those that require to stand long before they 
completely separate. Precipitates wliich have been thrown down hot, 
are most properly filtered off before cooling (provided always there be 
no objection to tliis course), since hot fluids run through the filter more 
speedily than cold ones. Some precipitates have a tendency to be 
carried through the filter along with the fluid; this may be prevented 
in some instances by modifying the latter. Thus sulphate of baryta, 
when filtered from an aqueous solution, passes rather easily through 
tlie filter — the addition of hydrochloric acid or chloride of ammonium 
j prevents this in a great measure. If the operator finds, during a fil- 
tration, that the filter would be much more than half filled by the pre- 
ci[)itate, he had better use an additional filter, and thus distribute the 
jirecipitate over the two ; for, if the first were too full, the precipitate 
coula not be j)roperly washed. 

The fluid ought never to be poured directly upon the filter, but 
always down a glass rod (as shown in fig. 54), and the lip or rim of the 
vessel from which the fluid is poured sliould always be slightly greased 
with tallow. The tallow should be poured into a porcelain crucible or 
a glass tube, corked at the bottom ; in the latter case, as it is required 
for use, the cork is pushed with a glass rod. The best way of applying 
the tallow to the lip of a vessel is with the greased finger. If it is 
desired to filter the supernatant fluid without disturbing the preci- 
]>itate, the rod should not be placed after use in the vessel witli the 
precipitate, but in a separate vessel, which is to be rinsed out at the 
end of the operation. The stream ought invariably to be directed 
towards the sides of the filter, never to the centre, since this mi^ht 
occasion loss by splasliing. The filtrate is’ received either in flasks, 
beakers, or dishes. Strict care should be taken that the drops of fluid 
filtering through glide down the side of the receiving vessel ; they 
should never be allowed to fall into the centre of the filtrate, since this 
again might occasion loss by splashing. The best method is that 
shown in fig. 66, viz., to rest the point of the funnel against the upper 
part of the inside of the receiving vessel. 

If the process of filtration is conducted in a place perfectly free from 
dust, there is no necessity to cover the funnel, or the vessel receiving 
the filtrate ; however, as tnis is but rarely the case, it is generally indis- 
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pensable to cover both. This is best effected with round plates of sheet- 
glass. The plate used for covering the receiving vessel should have a 
small U-shaped piece cut out of its edge, large enough for the tube of 
the funnel to go through. The effect desired may be produced by 
cautiously chipping out the glass bit by bit with the aid of a key. Plates 
perforated in the centre are worthless as regards the object in view. 

After the fluid and precipitate have been transferred to the filter, 
and the vessel which originally contained them has been rinsed re- 
peatedly with water, it happens generally that small particles of the 
precipitate remain adhering to the vessel, which cannot be removed 
with the glass rod. From beakers or dishes, these j)articles may be 
readily removed by means of a feather prepared for the purpose by 
tearing off nearl)’’ the whole of the plumules, leaving only a small piece 
at the end which should be cut perfectly straight. A glass rod, the 
end of which is tightly covered with a piece of flexible tube, may also 
he used. From flasks, minute portions of heavy precipitates which are 
not adherent, are readily removed by blowing a jet of water into the 
flask, held inverted over the funnel ; this is effected by means of the 
washing-bottle shown in flg. CO, h being turned upwards. If the 
minute adhering particles of a precipitate cannot be removed by mecha- 
nical means, solution in an appropriate menstruum must be resorted to, 
followed by re-precipitation. Bodies for which we possess no solvent, 
such as sulphate of baryta, for instance, must not be precipitated in 
flasks. 

§ 46. 

yy . Washing of Precipitates. 

After having transferred the precipitate comj)letely to the filter, we 
have next to perform the op)eration of washing; this is effected by 
means of one of the well-known washing bottles, figs. 58, 51), and GO.* 



Fig. 68. Fig. 59. Fig. 60. 


* A WAsbing bottle for Atiui.mg baa been constructed by Jacob, Zeitscbr. 

t, aiul. Cbeui. 5, 168. 
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By the arranf^ement shown in CO, the jet may be turned in any 
required direction. Care must be taken that no loss is occasioned by 
too violent a stream of water. In cases where a precipitate has to be 
washed with great caution, the apparatus illustrated in 
fig. 61 will be found to answer very well. The con- ^ 

struction of this apparatus does not require much ex- 
plaining. The point a is drawn out at the end, and 
broken off. When the flask is inverted, it supplies a ^ 
fine continuous jet of water. ja 

Precij)itates requiring washing with water, are W 
washed most expeditiouslj'' with hot water, provided flf"' 
always there be no special reason against its use. The 
washing-bottle shown in fi*^. 59 is particularly well 
adapted for this purpose. The wood handle which is 
fastened to the flask with wire serves to facilitate hold- |^Mli3||^ 
in^' it. Instead of a handle you may have a sufficiently 
thick coil of string wound round the neck. 

It is a rule in washing precipitates not to add fresh Fig. 61. 
wash- water to the filter till the old has quite run through. 

In applying the jet of Avater you have to take care on the one hand 
that the upper edge of the filter is properly washed, and on the other 
hand that no canals are formed in the precipitate, through which the 
fluid runs oft‘, without coming in contact with the whole of the preci- 
pitate. If such canals have formed and cannot be broken up by the 

I et, the precipitate must be stirred cautiously with a small platinum 
mife or glass rod. 

The washing may be considered completed when all soluble matter 
that is to be removed, lias been got rid of. Tlie beginner who devotes 
proper attention to the completion of this operation shuns one of the rocks 
which he is most likely to encounter. Whether the precipitate has been 
completely washed may generally be ascertained by slowly evaporating 
a drop of the last washings upon a platinum knife, and observing if a 
residue is left. But in cases where the precipitate is not altogether 
insoluble in water (suljihate of strontia, for instance), recourse must be 
had to more special tests, which we shall have occasion to point out in 
the course of the work. Tlie student should never discontinue the 
washing of a precipitate because he simply imagines it is finished — he 
must be certain. 

Some time ago continuous washing-bottles used to be employed for 
protracted Avashmgs. But they have now completely fallen into disuse 
in analytical laboratories, precipitates which are difficult to wash being 
treated as described in § 48. The objections to the use of the con- 
tinuous washing-bottle* are the following: canals are liable to be 
formed in the precipitate, a very large quantity of water is required, 
and the employment of hot water is excluded. 

* Cheiiusts intereBted in the construction of these apparatus are referred to the 
Handwdrterbuch der Cheuue, 2 ed., 2, 684-6. 
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hh . Filtration by Suction. 

Filtration being a constantly recurring and very tedious ^eration, 
many attempts have been made to accelerate it by suction. JBunskn* 
has recently subjected the matter to an exhaustive inquiry. In order 
to avoid the danger of the filter breaking, which has generally prevented 
analysts from employing this method, it is necessary that the filter, 
even to the apex, should be supported hy the funnel. The sides of the 
funnel must tiierefore be free from irregularities, and inclined at an 
angle of 60® ; in it is set a little cone of very thin platinum foil exactly 
fitting, and then the paper is so placed that, after being moistened, it 
may be in contact at all points with the funnel, no air-bubbles intervening. 

The preparation of the little platinum cone shall be explained in 
Bunsen’s own words: — funnel of the right shape is carefull}’' 
selected, and in this a disc of writing-paper is fitted like a filter, so that 
the sides may be in perfect contact with the funnel ; the upper edges of 
the paper are then fixed to the funnel with a few drops of sealing-wax, 
the paper is saturated with oil, and into this some plaster of Paris is 
poured, a small handle being fixed in before the plaster has set. 
After a few hours the plaster cone, together with the oiled paper which 
adheres to it, may be removed by means of the handle. The paper is 
again oiled on tne outside, and the cone is placed in a crucible 
4 or 5 cm. high, filled with plaster of Paris ; when the plaster has 
hardened the cone is taken out, and all paper adhering to the casts is 
removed, if necessary, by rubbing with tne finger. In this way a solid 
and a hollow cone are obtained, which fit exactly in each other, and 
correspond perfectly 'v\ith the funnel. To prepare the platinum cone, 
a piece of foil, weighing about '154 grni. per 
square cm., is cut to the shape and size repre- 
sented in fig, 62, db being a slit at right angles 
with cdj terminating in the centre of the circle. 
The foil is now softened by ignition, and the solid 
plaster cone is laid on it with the apex over «, abd is 
d then pressed on the cone, and the rest of the foil 
is wrapped round the cone as closely as possible. 

Fig. 62 . Finally, the foil is again ignited and moulded to 

1 *^ J *^1 1 11 • 1*1 



the plaster with the fingers, the hollow cone is laid 
on the top, and pressea tightly down. The platinum cone should, 
when finished, show no light through its apex, it is sufficiently firm for 
immediate use without any soldeiing.” 

A caoutchouc stopper with two holes is chosen, into one is fitted 
the funnel provided with platinum cone and paper, the tube of the 
funnel being allowed to project from 5 to 8 cm, from the stopper ; into the 
other is fitted a short tube bent at right angles, which should not project 
beyond the stopper on the inside. If the stopper is now fixed air-tight 
into a flask, and suction is applied to the outer end of the bent tube, the 
air within the flask will be rarefied ; and on filling the funnel with the 
fluid to be filtered, the latter will be driven through the more rapidly 
the greater the difference between the pressure within and without the 


* Ann. d. Chem. a. Pharm. 148, 269 ; also Zeitoohr. f. anal. Cbem. 8, 174. 
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flask. If it is desired 
to bring about a con- 
siderable difference of 

S ressure, an ordinary 
ask will not be strong 
enough, as it might be 
shattered with explo- 
sion, and consequently 
a flask of stout glass 
must be used. The flask 
may be conveniently 
placed in a stand made 
of tin-plate (seefig.64), 
down the sides of which 
three strips of thick 
cloth or india-rubber 
are glued. This ar- 
rangement affords a 
Arm stand for flasks ot 
various sizes, and it co- 
vered with a cloth will 
prevent any danger 
from a possiole explo- 
sion. 

As an exhauster, 
any aspirator will serve 
which can reduce the 
pressure by a quarter 
of an atmosphere. A 
very simple arrange- 
ment is snown in fig. 
63 ; a and h are stout 
india-rubber tubes, 
which connect A with 
B and C respectively. 
On opening the cocks 
in A and the water 
runs from the former 
to the latter, which 
causes a rarefaction in 
A, and consequently in 
C. The exhaustion is 
the greater the greater 
the distance between 
the water levels in the 
two bottles. These 
may be of 2 or 4 litres 
capacity ; they should 
be similar, so that when 
the upper one is emp^ 
they may be transposed. 

However, the hy- 
draulic air-pump affords 
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by far the most convenient means of exhaustion, and more or less 
imperfect forms of this instrument had long* been employed* before 
Bunsen brought it to its present high degree of perfection. Fig. 04 
represents his instrument in connexion with a filtering flask, as con- 
structed by Desaoa, of Heidelberg. In describing it, I shall adhere 
almost entirely to Bunsen’s own words. By opening the clip «, the 
water flowing through the supply pipe w enters <?, and passes away 



Fig. 64. 

down the leaden pipe d, which is 8 mm. wide. This pip© leads to the 
bottom of a drain 80 or 40 feet below the ground.t The tube fused 
into c, reaches nearly to the bottom of c, and has below a small 
aperture. At f is connected a mercurial gauge, h is intended to 
retain the steam which is given off on washing with hot water. All 
the caoutchouc connectors consist of thick-walled tubing of 2 to B mm. 

* ♦ Compare for instance Zeitsobr. f. anal. Chem. 2, 359, and 4, 46. 
i* If the hydraulic air*pump is in the upper part of tlie bouse, it will of course be 
enough to have the lead pipe reaching nearly to the bottom of a vessel in the cellar. 
The vessel should have a lateral aperture halfway from the bottom, connected by a 
lead pipe with a deep drain. 
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bore. The whole apparatus is secured to a board fixed to the wall. 
In fastening the apparatus to the board, bear in mind that the latter 
may warp. 

When a is opened, the water runs down d, and draws air with it, 
which issues from the extremity of e in the form of a series of small 
bubbles. If the water runs at its fastest, even with a column 40 feet 
high, it is impossible from friction against the lead pipe to obtain a consi- 
derable exhaustion. We therefore have a second clip J, to regulate the 
water supply once for all, and so to reduce the friction as to obtain the 
maximum rarefaction when a is fully open. An apparatus properly 
regulated will, in a comparatively short time, in vessels of large size, 
reduce the pressure exactly to that which corresponds to the tension of 
aqueous vapor at the temperature of the water — namely, to from 7 to 
10 mm. of mercury. 

The glass at It should be somewhat narrowed. To effect a filtration, 
connect tlie fiask i with the pump, then pour the supernatant clear fluid 
on to the filter, and afterwards the precipitate. The filtrate will first 
run down in a rapid stream, then in drops. The filter may be filled 
nearly to the edge, and this is, indeed, to be recommended. The pre- 
cipitate will be compressed to a thin layer, and penetrated by channels. 
As soon as the fluid has ceased dropping, ana the first channels are 
visible, the precipitate will be so firmly attached to the paper, that it 
will not be disturbed by water, if carefully added. The washins: is 
completed by filling the funnel a centimetre above the edge of the filter, 
pouring the water cautiously on the side, from an open vessel — a wash- 
ing bottle must not be used. After the funnel has been filled from one 
to four times, the washing will be finished, and if the filter is allowed 
to drain comjdetely, it will often be dry enough to be transferred with 
the precipitate at once to the crucible and ignited, see § 5*J. By this 
method of filt(»ring, the operation is extraordinarily shortened. The 
filter need not be so large as usual, as the precipitate will occupy less 
bulk ; and precipitates, which would otherwise be very difficult to wash 
at all, may oe com- 
pletely washed 
with a relatively 
small quantity of 
fluid. Finally, pre- 
cipitates in the dry 
state in which they 
are obtained after 
the filtrate has 
been fully sucked 
out, may be separa- 
ted very easily and 
com})letely from 
the filter, even free 
from all fibres. 

We have thus 
described the hy- 
draulic air-pump 
in its most perfect 
state, as it may be 
used, not only for 



Fig. 65. 
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filtration^ but also for all other purposes (such as the exhaustion of 
desiccators, &c.) ; but we may note that for pumps which are only 
to be used for filtering, and drawing air through drying apparatus 
(§ 28), a fall of 10 to 15 feet is sufficient. Such a fall may Tbe ob- 
tained, even on the ground floor, and without a deep drain, by fixing 
the pump to the upper part of the wall. There must then, of course, 
be an arrangement on the ground for turning the water on and off. 
The tube which exhausts the air is connected in that case with a thin 
leaden tube, which is brought down to the bench. The device shown 
fig. 65 will be found convenient for this purpose, a is a lead pipe 
leading to the pump, h is the india-rubber tube connecting it with c 
and A, ^ is a glass tube of sufficient height, which dips into mer- 
cury at r, and serves as a gauge, the glass tube f is connected with 
the flexible tube < 7 , which may be closed by means of the clip h. If 
this flexible tube is connected with the suction tube of the filter- 
ing flask, the pump is set going, and h is opened, the filtration will 
proceed. 

A slight but effective suction may also be applied to filtrations 
without the use of air-pumps or aspirators. Arrangements with this 
object are shown in figs. 60 and 67. The apparatus fig. 66 is recom- 
mended by Weil.’*' 
On sucking at c the 
fluid is raised, and 
when the clip is closed 
the filtration will pro- 
ceed under pressure. 
To strengthen the pa- 
per a small filter a is 
first inserted, and then 
the proper filter h. 
Both filters are fitted 
close to the glass, and 
without any rucks. 
Fig. 67 shows an ar- 
rangement proposed by 
PiccARD.f If the co- 
lumn of water is not 
higher than 60 cm., the 
filter does not require 
any extra support. 
However, it is always 
advisable even in this 
case to insert first a 
small filter. If the 
Fig. 66. Fig. 67. filter lies close to the 

glass, and is free from 

rucks, the filtration will proceed much more quickly (Piccard says 
10 or 12 times more quickly) than without the use of the bent tube. 

Arrangements for exhausting the air render it possible occasionally 
to dispense entirely with pajier and to filter through asbestos or 
powdered glass ; such filters will be found especially useful when 



* Zeitacbr. f. anal. Cbem. 2, 359. 
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a precipitate has to be dried at a certain temperature^ 
weig’hed. 

Fig*. 68 is a filter tube which I have recom- 
mended for weighing* small quantities of sul- 
phide of antimony.* After the tube has been 
charged at a with asbestos in long fibres, a little 
w’ater is passed through to remove loose par- 
tides of the latter, the tube is fixed in a per- | S 

pendicular position, and suction is applied at | ' !'|| 

finally with appropriate heating, in order to I ||i 
dry tne filter completely. It is then weighed, | ||| 
h is fixed into the stopper of the filtering fiask, :||| 
a small funnel is placed on t, gentle suction is I ;|| 

applied and the fluid to be filtered is poured in I , |j!|| 

cautiously. |J|I 

Fig. GO is a glass or sand filter recom-' ^l|i| 
mended by W. Gibbs and TAYLOUf for a similar IH 
purpose. The tube contains at a first fragments j||| 

of glass, then coarse powder, and finally fine |j |l 
powder. 1 1 


y. Separation of Precipitates by Decan- ' | 1 

TATioN AND Filtration COMBINED. 11 ii| 

In the case of precipitates which, from their ||| U 

gelatinous nature, or from the firm adhesion hj W 

of certain copreci])itated salts, cannot be well Fig. 68. Fig. 69. 
w^ashed on the filter, the following method is 

resorted to. Let the precipitate subside as far as practicable, pour the 
nearly clear supernatant liquid on the filter, stir the precipitate up 
w ith the washing fluid (in certain cases, wdiere such a course is indi- 
cated, heat to boiling), let it subside again, and repeat this operation 
until the precipitate is almost thoroughly washed. Transfer it now to 
the filter, anh complete the operation with the w’ashing-bottle (see 
§ 46). This method is highly to be recommended w^here the preci- 
pitate is perfectly insoluble in the fluid used for washing ; there are 
many precipitates that can be thoroughly w^ashed only oy its appli- 
cation. 

In cases where it is not intended to weigh a precipitate washed by 
decantation, but to dissolved again, the operation of washing is entirely 
completed by decantation, and the precipitate not even transferred to the 
filter. The re-solution of the bulk of the precipitate being effected in the 
vessel containing it, the filter is placed over the latter, and the solvent 
passed through it. 

Although the termination of the operation of washing may be usually 
ascertained, by testing a sample of the washings for one of the sub- 
stances originally present in the solution which has to be removed (for 
hydrochloric acid, for instance, with nitrate of silver), still there are 
cases in which this mode of proceeding is inapplicable. In such cases. 


* Zeitschr. f. an&I. Chem. 8, 154. 
t SiLLiMAN*s Amerioan Journal (ii.), 44, 215. 
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and indeed in nrocesses of washing bj decantation generally, Bunsen’s 
method will be found convenient — viz., to continue the process of 
washing until the fluid which remained in the beaker, after the first 
decantation, has been diluted ten thousand times. To effect this, 
measure with a slip of paper the height from the bottom of the beaker 
to the surface of the fluid remaining in it, together with the precipitate, 
after the first decantation ; then fill the beaker with water, if possible, 
boiling, and measure the entire height of the fluid ; divide the length 
of the second column by that of the first. Go through the same process 
each time you add fresh water, and always multiplv the quotient found 
with the number obtained in the preceding calculation, until you 
reach 10000. 


§ 49 . 

« 

Furtheh Treatment of Precipitates. 

Before proceeding to weigh a precipitate, it still remains to convert it 
into a form of accurately known compositif)n. This is done either by 
igniting or by dr^'ing. The latter proceeding is more protracted and 
tedious than the former, and is, moreover, apt to f>ive less accurate 
results. The process of drying is, therefore, as a general rule, applied 
only to precipitates which cannot bear exposure to a red heat without 
undergoing total or [jartial volatilization ,* or whose residues left upon 
ignition have no constant composition ; thus, for instance, drying is 
resorted to for sulphide of mercury, sulphide of arsenic, and other 
metallic sulphides, and also for cyanide of silver, double chloride of 
platinum and potassium, <fec. But whenever the nature of the precipitate 
(c.^., sulphate of baryta, sulphate of lead, and many other compounds) 
leaves the operator at liberty to choose between drying and heating to 
redness, the latter process is almost invariably preferred. 

§ 50 . 

aa. Drying of Precipitates, 

When a precipitate has been collected, washed, and dried on a filter, 
minute particles of it adhere so firmly to the paper that it is found im- 
possible to remove them. The weighing of aried precipitates involves, 
therefore, in all accurate analyses, the drying and weighing of the filter 
also. Formerly, chemists used two filters of equal size, the one placed 
within the other ; after the precipitate had been dried, the outer filter 
was taken oif, and placed on the balance as a counterpoise to the inner 
filter, which contained the precipitate. It was at the time assumed 
that filters of equal size were lilcewise of equal weight. This assumption, 
however, is inadmissible in accurate analyses, since every experiment 
shows that even small filters, of equal size, difler in weight to the 
extent of twenty, thirty, and even more milligrammes. To obtain 
accurate results, it is necessary to dry and weigh the filter before 
using it ; the temjierature at which the filter is dried must be the same 
as that to which it is intended subsequently to exjiose the precijiitate. 
Another condition is that the filtering-jiaper must not contain any 
substance liable to be dissolved by the fluid passing through it. 

The drying is conducted either in the water-, air-, or oil-bath, ac- 



DRYING OF PRECIPITATES. 


81 


§ 50.3 

cording* to the degree of heat required. The weighing is performed in 
a closed vessel^ mostly between two clasped watch-glasses (fig. 70)y or 



in two tubes placed one within the other as shown in fig. 71, or in a 
platinum crucible. When the filter appears dry, it is placed between the 
warm watch-glasses, or in the tubes, or in the warm crucible, allowed to 
cool under a oell-glass, over sulphuric acid, and weighed. The reopened 
watch-glasses, tubes or crucible, together with the filter, are then again 
exposed for some time to the required degree of heat, and, after 
cooling, weighed once more. If the weight does not differ from that 
found at first, the filter may be considered dry, and we have simply to 
note the collective weight of the watch-glasses, clasp, and filter, or of 
the tubes and filter, or of the crucible and filter. 

After the washing of the precipitate has been concluded, and the 
water allowed to run off as far as possible, the filter with the precipitate 
is taken off the funnel, folded up, and placed upon blotting-paper, 
which is then kept for some time in a moderately warm place, protected 
from dust ; it is finally nut into one of the watch-glasses, or into the 
narrower of the two tubes, or into the uncovered platinum crucible, 
wuth which it was first weighed, and exposed to the appropriate degree 
of heat, either in the water-, air-, or oil-bath. When it is judged that 
the precipitate is dry, the second watch-glass or the other tube or the 
lid of the crucible is put on (with the clasp pushed over the two in the 
first case), and the whole, after cooling in the desiccator, is weighed. 
The filter and the precipitate are then again exposed, in the same way, 
to the proper drying temperature, allowed to cool, and weighed again, 
the same process being repeated until the weight remains constant or 
varies only to the extent of a few deci-milligrammes. By subtracting 
from the weight found the tare of the containing vessel and filter, we 
obtain the weight of the dry precipitate. 

It happens sometimes that the precipitate nearly fills 
the filter, or retains a considerable amount of water ; or 
sometimes the paper is so thin that it cannot be removed 
from the funnel. In all such cases, the best way is to let 
the filter and precipitate get nearly dry in the funnel, by 
covering the latter with a piece of blotting-paper to keep • 
out the dust, and placing it, supported on a oroken beaker 
(fig. 72), or some other vessel of the kind, on the steam- Fig. 72. 

QUANT. VOL. I. a 
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apparatus or sand-bath, or stove, or on a heated iron plate. For sup- 
ports for funnels while drying I can recommend the little device, fig. 73. 

It consists of a hollow frustum of a cone open both ends, 

M made of stoneware or tin plate. Two sizes may be used, 
10 cm. and 12 cm. high respectively. The* lower diameter 
should be from 7 to 8, the upper from 4 to 6 cm. 


Fig. 78. 


hb. Ignition of Precipitates, 


It was customary formerly, in this process, to dry the precipitate 
with the filter, then to scra})e the latter clean and remove it, previously 
to heating the precipitate to redness. This proceeding was inevitably 
attended with the loss of the minute particles which, however clean the 
filter may be scraped, will always adhere to it. Experience has shown 
that more accurate results are obtained if the filter is burned when the 
precipitate is ignited, and the weight of the filter ash subtracted from 
the weight found. 

If care be taken to make the filters always of the same paper, and 
to cut every size by a pattern, the quantity of ash which each size 
yields upon incineration may be readily determined. It is necessary, 
however, to determine separately the quantity of ash left by ordinary 
filters, and that left by filters which have been washed with hydro- 
chloric acid and water j on an average the latter leave about half as 
much ash as the former. To determine the filter ash take ten filters 
(or an equal weight of cuttings from the same paper), burn them in an 
obliquely-placed platinum crucible, and ignite until every trace of 
carbon is consumed ; then weigh the ash, and divide the amount 
found by ten ; the quotient expresses, with sufficient precision, the 
average quantity of ash which each filter leaves upon incineration. 

In the ignition of precipitates, the following four points have to be 
more particularly regarded : 

1. ^o loss of substance muoi be incurred j 

2. The ignited precipitates must really be the bodies they are re- 
presented to be in the calculation of the results ; 

3. The incineration of the filters must be complete ; 

4. The crucibles must not be attacked. 

The following two methods seem to me the simplest and most ap- 
propriate of all that have as yet been proposed. The selection of either 
depends upon certain circumstances, which I shall immediately have 
occasion to point out. But no matter which method is resorted to, the 
precipitate must always be thoroughly dried, before it can proj)erly be 
exposed to a red heat. The application of a red heat to moist precipi- 
tates, more particularly to such as are very light and loose in the dry 
state (silicic acid, for instance), involves always a risk of loss from the 
impetuously escaping aqueous vapors carrying aw^ay with them minute 
particles of the substance. Some other substances, as hydrated 
sesquioxide of iron, for instance, form small hard lumps ; if such lumps 
are ignited while still moist within they are liable to fly about with 
great violence. The best method of drying precipitates as a preli- 
minary to ignition is as described in § 60, the last paragraph. When a 
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precipitate has been washed by suction it may often be ignited at once 
with the filter — without any more drying. 

Respecting the ignition, the degree of heat to he applied, and the 
duration of the process must, of course, depend upon the nature of the 
precipitate and upon its deportment at a red heat. As a general rule, 
a moderate red heat, applied for about five minutes, is found sufficient 
to effect the purpose 5 there are, however, many exceptions to this rule 
which will be indicated wherever they occur. 

Whenever the choice is permitted between porcelain and platinum 
crucibles, the latter are always preferred, on account of their compara- 
tive lightness and infrangibility, and because they are more readily 
heated to redness. The crucible selected should always be of sufficient 
capacity, as the use of crucibles deficient in size involves the risk of 
loss of substance. The proper size, in most cases, is 4 cm. in height, 
and 3*5 cm. in diameter. That the crucible must be perfectly clean, both 
inside and outside, need hardly be mentioned. The analyst should 
acquire the habit of cleaning and polishing the platinum crucible 
always after using it. This should be done as recommended by 
Berzelius, and lately also by Erdmann, by friction with moist s^a- 
sand whose grains are all round and do not scratch. I have found 
this method to answer extremely well. The sand is rubbed on with 
the finger, and the desired effect is })roduced in a few minutes. The 
adoption of this habit is attended with the pleasure of always working 
with a bright crucible and the profit of prolonging its existence. This 
mode of cleaning is all the more necessary, when one ignites over gas- 
lamps, since at this high temperature crucibles soon acquire a grey 
coating, which arises from a superficial loosening of the platinum. A 
little scouring with sea-sand readily removes the appearance in ques- 
tion, without causing ainr notable diminution of the weight of the 
crucible (Erdmann*^ there are spots on the platinum crucibles, 
which cannot be removed by the sand without wearing away too much 
of the metal, a little bisulphate of potassa is fused in the crucible, the 
fluid mass shaken about inside, allowed to cool, and the crucible finally 
boiled with water. There are two ways of cleaning crucibles soiled 
outside ; either the crucible is placed in a larger one, and the inter- 
space filled with bisulphate of potassa, which is then heated to fusion ; 
or the crucible is placed on a platinum-wire triangle, heated to redness, 
and then sprinkled over with powdered bisul- 
phate of potassa. Instead of the bisulphate you 
may use borax. Never forget at last to polish 
the crucible with sea-sand again. 

When the crucible is clean, it is placed upon 
a clean platinum-wire triangle (fig. 74), ignited, 
allowed to cool in the desiccator, and weighed. 

This operation, though not indispensable, is still 
always advisable, that the weighing of the empty 
and the filled crucible may be performed under as 
nearly as possible the same circumstances. The Fig, 74. 

empty crucible may of course be weighed after the 
ignition of the precipitate ; however, it is preferable in most cases to 
weigh it before. The weighing of the crucible a ter ignition of the 



* Jouru. f. prakt. Cbem. 79, 117. 
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precipitate is only necessary when the gas blowpipe has been nsed, 
wbicn, as experience has snown, often reduces the weight of a pla- 
tinum crucible.* In default of a platinum triangle, you may use an 
iron triangle, covering the part with which the crucible comes in 
contact with platinum-wire or foil, or pieces of tobacco pipe. The 
ignition is effected with a Berzelius spirit-lamp or a gas- lamp, or 
else in a muffle. If a Bunsen’s gas-lamp is used, the perforated por- 
celain plate is previously put on. The 6 spikes (see fig. 46) are pro- 
vided for its support. In igniting reducible substances over lamps, the 
analyst must always be on his guard against the contact of uncon- 
sumed hydrocarbons even in covered crucibles. When gas-lamps are 
used there is especial need of caution in this respect. Heduction will 
be avoided if the flame is made no larger than necessary, if a chimney 
i& uced, if the crucible is supported in tne upper part of the flame, and 
if, when the crucible is in a slanting position, it is heated from behind. 

We pass on now to the description of the special methods. 


§52. 

First Method. {Ignition of the Precipitate with the Filter.) 

This method is resorted to in cases where there is no danger of a 
reduction of the precipitate by the action of the carbon of the filter. 
The mode of proceeding is as follows : — 

The perfectly dry filter, with the precipitate, is removed from the 
ftinnel, and its sides are gathered together at the top, so that the pre- 
cipitate lies enclosed as in a small bag. The filter is now put into the 

crucible, which is then covered and 
heated over a spirit-lamp with double 
draught or over gas very gently, to 
effect the slow chaning of the filter ; 
the cover is now removed, the cru- 
cible placed obliquely, and a stronger 
degree of heat applied, until complete 
incineration of the filter is effected ; 
the lid, which had in the meantime 
best be kept in a porcelain dish, or in 
a porcelain crucible, is put on again, 
and a red heat applied for some time 
longer, if needed ^ the crucible is now 
allowed to cool a little, and is then, 
while still hot, though no longer red 
hot,t taken off with a pair of tongs 
of brass or polished iron (figs. 75 
and 76), and put in the desiccator, 
where it is left to cool ; it is finally 
weighed. 



* WiTTSTEiN says that platinum crucibles do not lose weight on ignition, unless 
they contain small quantities of osmium (Zeitschr. f. anal. Chem. 5, 98). Stolba 
ascribes the loss of weight to the formation of carbide of platinum. He says, that 
the rougher the surface the greater is the loss (Polyt. Joum. 198, 177). 

t Taking hold of a redrkot crucible with brass tongs might cause the formation of 
black rings round it. 
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The combustion of the carbon of the filter may be promoted, in 
cases where it proceeds too slowly, by pushing the non-consumed par- 
ticles, with a smooth and rather stout platinum-wire, within the focus 
of the strongest action of the heat 
and air. And the operator may also 
increase the draught of air by lean- 
ing the lid of the crucible against 
the latter in the manner illustrated 
in fig. 77. 

It will occasionally happen that 
particles of the carbon of the filter 
obstinately resist incineration. In 
such cases the operation may be pro- 
moted by igniting for a short time 
over the blowpipe, or by putting a 
small lump of fused, dry nitrate of 
ammonia into the crucible, placing 
on the lid and applying a gentle heat 
at first, which is gradually increased. 

However, as this latter method is 
apt to involve some loss of substance, 
its application should not be made a 
general rule. 

In cases where the bulk of the 
precipitate is easily detached from li- 

the filter, the preceding method is 

occasionally modified in this, that the precipitate is put into the cru- 
cible, and the filter, with the still adhering particles, folded loosely 
together, and laid over the precipitate. In other respects, the opera- 
tion is conducted in the manner above described. 

As above mentioned, precipitates which have been washed bv suc- 
tion may often be ignited immediately without further drying 
(Bunsen),* but, of course, this applies only to precipitates which are 
not liable to reduction by the carbon of the filter. We proceed thus : 
the clean half of the filter is folded round the half containing the pre- 
cipitate four or five times ; this is placed in a crucible fixed in a slant- 
ing position, and pressed with the finger against the interior of the 
crucible ; the cover is supported as represented in fig. 77, and heat is 
first applied where the cover touches the top of the crucible. The heat 
is to be regulated that the carbonization may go on quietly without 
flame or much smoke. When the carbonization slackens, shift the lamp 
towards the bottom of the crucible. As soon as the filter is reduced to 
a charred mass of the original form, the crucible is made red hot till 
the carbon is burnt off*, and the filter is converted into a white ash. 
If necessary you may ignite for a short time over the blowpipe. 

* Ann. d. Ohero. u. Pbarm. 148, 285 ; also Zeitscbr. f. anal. Chem. 8,^ 186. In 
tbe case of alumina, Al. Mitbchbrlioh had previously recommended the ignition of 
the moist precipitate (Zeitscbr. f. anal. Chem. 1, 67). 
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§53. 

Second Method. {Ignition of the Precipitate apart from the Filter,) 

This method is resorted to in cases where a reduction of the precipi- 
tate from the action of the carbon of the filter is apprehended ; and also 
where the ignited precipitate is required for further examination, which 
the presence of the filter ash might embarrass. It may be employed 
also, instead of the first method, in all cases where the precipitate is 
easily detached from the filter. The mode of proceeding is as follows : — 

The crucible intended to receive the precipitate is placed upon a 
sheet of glazed paper ; the perfectly dry filter with the precipitate is 
taken out of the funnel, and gently pressed together over the paper, to 
detaph the precipitate from the filter ; the precipitate is now shaken into 
the crucible, and the particles still adhering to the filter are removed 
from it, as far as practicable, by further pressing or gentle rubbing 
together of the folded filter, and are then also transferred to the cru- 
cible. The filter is cut up over the glazed paper with a pair of clean 
scissors into eight or ten pieces, the lid of the crucible is brought to 
redness, and one after another of the pieces is placed on the lid with 
the tongs, and allowed to burn, the lia being afterwards ignited till 
the last trace of carbon is consumed. If the lid is large and the filter 
small, the latter is not cut up, but merely folded. The lid is now laid 
on a porcelain crucible, and covered with a beaker. Finally, the cru- 
cible with the precipitate is ignited (if necessary another lid being placed 
on it), the lid containing the filter ash is put on towards the end, the 
crucible is allowed to cool a little, transferred to the desiccator, and 
weighed when cold. 

With precipitates which are not absolutely insoluble in water (phos- 
phate of magnesia and ammonia, for instance), a considerable time is 
often required to effect complete incineration, as the filter is saturated 
with a dilute solution of the ])recipitate. The incineration may be pro- 
moted by pressing the blackened filter against the red hot lid by means 
of a smooth wire or thin platinum knife. However, a certain amount 
of patience is always requisite in this operation. 

With precipitates which on reduction do not yield bodies that com- 
bine with platinum, the following method of incinerating the filter, pro- 
posed by Bunsen, may also be employed. The filter being cleaned as 
puch as possible is spread open upon the sheet of glazed paper, and 
then folded in form of a little square box, enclosed on all sides by the 
parts turned up ; any minute particles of the precipitate that may have 
dropped on the glazed paper are brushed into this little box, with the 
aid of a small feather ; the box is closed again, rolled up, and one end 
of a long platinum-wire spirally wound round, it. The crucible being 
placed on or above a porcelain plate, the little roll is lighted, ana, 
during its combustion, held over the crucible, so that the falling par- 
ticles of the precipitate or filter ash may drop into it, or, at least, into 
the porcelain plate. In this way, and by occasionally holding the little 
roll again in or against the flame, the incineration of the filter is readily 
and safely effected. When the operation is terminated, a slight tap 
will suffice to drop the ash and the remaining particles of the precipi- 
tate into the crucible, which is then covered, and the ignition completed 
as in § 62. Where it is intended to keep the ash separate from the 



VOLUMETEIC ANALYSIS. 


87 


§54.] 

precipitate, it is made to drop into the lid of the crucible, in which case 
it is better to ipfnite the crucible with the principal portion » of the pre-i 
cipitate first If this method of incinerating the niter were adopted 
with such precipitates as chloride of silver or carbonate of lead, a small 
quantity of the metal would be reduced and alloy with the platinum- 
wire. 

No matter which method of incineration is resorted to, the operation 
must always be conducted in a spot entirely protected from draughts. 

Certain precipitates suffer some essential modification in their pro- 
perties, in their solubility, for instance, from ignition. In cases where 
a portion of a substance of the kind is required, after weighing, for 
some other purpose in the unignited state, the two operations of drying 
and igniting may be combined in the following way : — The precipitate 
is collected on a filter dried at 100° ; it is then also dried at 100 , and 
weighed (§ 50). A portion of the dr}’’ precipitate is put into a tared 
crucible, and its exact weight ascertained; it is then ignited and 
weighed again ; the loss of weight is calculated on the whole amount 
of the precipitate. 

§ 54. 

5. Volumetric Analysis. 

The principle of volumetric analysis has been explained already in 
the Introduction, where we have seen how the quantity of protoxide of 
iron present in a fluid may be determined by means of a solution of 
permanganate of potassa, the value of which has been previously ascer- 
tained by observing the quantity required to oxidize a known amount 
of protoxide of iron. 

In order to make the matter as clear as possible I will here adduce 
a few more examples. 

Suppose we have prepared a solution of chloride of sodium of such 
a strength tliat 100 c.c. will exactly precipitate 1 gTm. silver from its 
solution in nitric acid, we can use it to estimate unknown quantities of 
silver. Say, for instance, we have an alloy of silver ana copper in 
unknown proportion, we dissolve 1 ^m. in nitric acid, and add to the 
solution our solution of chloride of sodium, drop by drop, until the 
whole of the silver is thrown down, and an additional drop mils to pro- 
duce a further precipitate. The amount of silver present may now be 
calculated from the amount of solution of chloride of sodium used. 
Thus, supposing we have used 80 c.c., the amount of silver present in 
the alloy is 80 per cent. ; since, as 100 c.c. of the solution of chloride 
of sodium will throw down 1 grm. of pure silver (i,e. of 100 per cent.), 
it follows that every c.c. of the chloride of sodium solution corresponds 
to 1 per cent, of silver. 

Another example. It is well known that iodine and sulphuretted 
hydrogen cannot exist together; whenever these two substances are 
brought in contact, decomposition immediately ensues, the hydrogen 
separating from the sulphur and combining with the iodine (I + HS = 
HI 4 * S). Hydriodic acid exercises no action on starch-paste, whereas 
the least trace of free iodine colors it blue. Now, if we prepare a 
solution of iodine (in iodide of potassium) containing in 100 c.c. 
•7462 grm. iodine, we may with this decompose exactly *1 grm. sulphu- 
retted hydrogen for 17 : 126-85 :: •! : -7462. Let us suppose, then. 
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W6 have before us a fluid containing* an unknown amount of snlphu-* 
retted hydrog^en, which it is our intention to determine. We add to it 
a little starch-paste, and then, drop by drop, our solution of iodine, 
until a persistent blue coloration of the fluid indicates the formation of 
iodide of starch, and hence the complete decomposition of the sulphu- 
retted hydrogen. The amount of me latter originally present in the^ 
fluid may now be readily calculated from the amount of solution of 
iodine used. Say, for instance, we have used 50 c.c. of iodine solu- 
tion, the fluid contained originally *05 sulphuretted hydrogen ; since, 
as we have seen, 100 c.c. of our iodine solution will decompose exactly 
•1 grm. of that body. 

Solutions of accurately known composition or strength, used for the 
purposes of volumetric analysis, are called standard solutions. They 
may Jbe prepared in two ways, viz., {a) by dissolving a weighed 
quantity of a substance in a definite volume of fluid : or (&), by first 
preparing a suitably concentrated solution of the reagent required, and 
then determining its exact strength by a series of experiments made 
with it upon weighed quantities of the body for the determination of 
which it is intended to be used. 

In the preparation of standard solutions by method «, a certain 
definite strength is adopted once for all, which is usually based upon 
the principle of an exact correspondence between the number of grammes 
of the reagent contained in a litre of the fluid, and the equivalent 
number of the reagent (H = 1). In the case of standard solutions pre- 
pared by method d, this may also be easily done, by diluting to the 
required degree the still somewhat too concentrated solution, 'after 
having accurately determined its strength ; however, as a rule, this 
latter process is only resorted to in technical analyses, where it is 
desirable to avoid all calculation. Fluids which contain the eq. number 
of grammes of a substance in I litre, are called normal solutions ; those 
which contain of this quantity, decinonnal solutions. 

The determination, or titration* of a standard solution is obviously 
a most important operation ; since any error in this will, of course, 
necessarily falsify every analysis made with it. In scientific and 
accurate researches it is, therefore, always advisable, whenever prac- 
ticable, to examine the standard solution — no matter whether prepared 
by method a, or by method J, with subsequent dilution to the required 
degree — by experimenting with it upon accurately weighed quantities 
of the body for the determination of which it is to he used. 

In the previous remarks I have made no difierence between fluids of 
known composition and those of known power } and this has hitherto 
oeen usual. But by accepting the two expressions as synonymous, we 
take for granted that a fluid exercises a chemical action exactly cor- 
responding to the amount of dissolved substance it contains — that, for 
instance, a solution of chloride of sodium containing I eq. NaCl will 
precipitate exactly I eq. silver. This presumption, however, is veVy 
often not absolutely correct, as will be shown with reference to this 
very example, § 115, 5, 5. In such cases, of course, it is not merely 
advisable, out even absolutely necessary, to determine the strength of 
the fluid by experiment, although the amount of the reagent it contains 


From Htre^ French for the amount of gold or lUver in coin. 
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may be exactly known, for the power of the fluid can be inferred from 
its composition only approximately and not with perfect exactness. 

If a standard solution keeps unaltered, this is a great advantage, as 
it dispenses with the necessity of determining its strength before every 
fresh analysis. 

That particular change in the fluid operated upon by means of a 
standard solution which marks the completion of the intended decom- 
position, is termed the final reaction. This consists either in a 
change of color ^ as when a solution of permanganate of potassa acts upon 
an acidified solution of protoxide of iron, or a solution of iodine upon a 
solution of sulphuretted hydrogen mixed with ^rch-paste ; or in the 
cessation of the formation of a precipUate upon further addition of the 
standard solution, as when a standard solution of chloride of sodium is 
used to precipitate silver from its solution in nitric acid ; or in inciyicnt 
precipitation^ as when a standard solution of silver is added to a solution 
of hydrocyanic acid mixed with an alkali ; or in a change in the action of 
the examined fluid upon a particular reagent^ as when a solution of arsenite 
of soda is added to a solution of chloride of lime, until the mixture no 
longer imparts a blue tint to paper saturated with iodide of potassium 
and starch-paste. 

The more sensitive a final reaction is, and the more readily, posi- 
tively, and rapidly it manifests itself, the better is it calculated to serve 
as the basis of a volumetric method. In cases where it is desired to 
ascertain with the greatest precision the moment when the reaction is 
completed, the analyst may sometimes prepare, besides the actual 
standard solution, another, ten times more dilute, and use the latter to 
finish the process, carried nearly to completion with the former. 

But a good final reaction is not of itself sufficient to aflbrd a safe 
basis for a good volumetric method \ this requires, as the first and 
most indispensable condition, that the particular decomposition which 
constitutes the leading point of the analytical process should — at 
least under certain known circumstances — remain unalterably the same. 
Wherever this is not the case — where the action varies with the con- 
centration of the fluid, or with the free acid present, or with the rate 
of action of the standard solution, or where a precipitate formed in the 
course of the process has not the same composition throughout the 
operation — the basis of the volumetric method is fallacious, and the 
method itself of no value. 

When the new system of volumetric analysis first began to find 
favor with chemists, a great many volumetric methods were proposed, 
based simply upon some final reaction, without a careful study of the 
decomposition involved ; the result was a superabundant crop of new 
volumetric methods, of which a great many were useless. All the 
methods, however, have been subjected to a sifting process, more par- 
ticularly by the hands of F. Mohr; and in the special part of the 
present work I have taken care to separate the really good methods 
from the fallacious. 
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For g-eneral information respecting reagents, I refer the student to 
the ^ Qualitative Analysis.” 

The instructions given here will he confined to the preparation, 
testing, and most important uses of those substances which subserve 
principally and more exclusively the purposes of quantitative analysis. 
Those reagents which are employed in qualitative investigations, will 
be simply mentioned here by name. 

The reagents used in quantitative analysis, are properly arranged 
under the following heads : — 

A. Reagents for gravimetric analysis in the wet way. 

J5. Reagents for gravimetric analysis in the dry way. 

C. Reagents for volumetric analysis. 

J9. Reagents used in organic analysis. 

The mode of preparing the fluids used in volumetric analysis, the 
reagents used only in special cases, and the absorption bulbs used in 
gas analysis, will be found where we shall have occasion to speak of 
their application, 

A. REAGENTS FOR GRAVIMETRIC ANALYSIS 
IN THE WET WAY. 

1. SIMPLE SOLVENTS. 

§ 66 . 

1. Distilled Water (see Qual. Anal.”). 

Water intended for quantitative investigations must be perfectly 
pure. Water distilled from glass vessels leaves a residue upon evapo- 
ration in a platinum vessel (see Experiment No. 6), and is therefore 
inapplicable for many purposes ; as for instance, for the determination 
of the solubility of sparingly soluble substances. For certain uses it is 
necessary to free the water by ebullition from atmospheric air and 
carbonic acid. 

2. Alcohol (see Qual. Anal.”). 

a. Absolute alcohol. J. Rectified spirit of wine of various degrees 
of strength. 

3. Ether. 

The application of ether as a solvent is very limited. It is more 
frequently used mixed with spirit of wine, in order to diminish the 
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solvent power of the latter for certain substances, e.g.y bichloride of 
platinum and chloride of ammonium. Commercial ether will answer the 
purpose. 

4. Bisulphide of Carbon. 

be purified, if necessary, by shaking with mercury, 
which removes its usual unpleasant odor, ana rectifying over a water- 
bath. No india-rubber connexions must be used in tne latter operation. 
Bisulphide of carbon is used to dissolve and separate iodine from 
acj^ueous solutions, and to free sulphides of metals from admixed sulphur. 

II. ACIDS AND HALOGENS. 

a. Oxygen Adds. 

§ 57. 

1. Sulphuric Acid. 

«. Concentrated commercial sulphuric acid. 
h. Concentrated pure sulphuric acid, 
c. Dilute sulphuric acid. 

See ^‘Qual. Anal.” 

3, Nitric Acid. 

a. Pure nitric acid of 1 *2 sp. gr. (see Qual. Anal.”). 

h. Red fuming nitric acid (concentrated nitric acid containing 
hyponitric acid). 

Preparation . — Mix 1000 grin, pure nitrate of potassawith 15 grm. 
starch in lumps, put the mixture into a capacious tubulated retort, and 
add 500 grm. sulphuric^acid, and 500 grm. Nordhausen sulphuric acid. 
Place the retort on a wire-gauze, over a gas or on a sand-bath. The 
distillation will commence without the application of heat. If the 
nitre was not quite free from chlorides, collect the first portions of the 
distillate separately. When the drops come over slowly, heat gently, 
but by no means push on the operation too quickly. As soon as no 
more acid comes off at a moderate heat, the operation will be completed. 
As a part of the hyponitric acid is sure to escape, the distillation 
should be conducted in the open air, or under a good draught. 

Tests . — Red fuming nitric acid must be in a state of the greatest 
possible concentration, and perfectly free from sulphuric acid. In order 
to detect minute traces of the latter, evaporate a rew c.c. in a porcelain 
dish nearly to dryness, dilute the residue with water, add some chloride 
of barium, and observe whether a precipitate forms on standing. 

Vse ^. — A powerful oxidizing agent and solvent ; it serves more 
especially to convert sulphur and metallic sulphides into sulphuric acid 
and sulphates respectively. 

8. Acetic Acrt) (see Qual. Anal.”). 

4. Tartaric Acid (see Qual. Anal.”). 
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y. Heavy MetaUy and their Oxides. 


§ 60. 

1. Zinc. 

Zinc has of late been much used in quantitative analysis. It serves 
more especially to effect the reduction of dissolved sesquioxide of iron 
to protoxide, and also the precipitation of copper. Zinc intended to be 
used for the former purpose must be free from iron, for the latter free 
from lead, copper, and other metals which remain undissolved upon 
treating the zinc with dilute acids. As it is not easy to prepare zinc 
which answers both purposes in any quantity, it is well to keep besides 
the ordinary zinc for hydrogen preparation also the two following 
kinds : 

a. Zinc free from iron. — The distillation of zinc in the laboratory 
being a troublesome and costly operation, chemists generally use the 
raw product of the reduction and aistillation of the ore, as this contains, 
at least in many cases, only such trifling traces of iron that it may be 
safely used for reducing solutions of sesquioxide of iron. The ordinary 
zinc of commerce, which is prepared b}* fusing the reduced metal in 
iron pots, contains much more iron. Of the several sorts of crude zinc 
which I have had occasion to examine, Silesian zinc contains the least 
admixture of iron. 

h. Zinc free from lead, coppery i^c. — To procure zinc which leaves no 
residue upon solution in dilute sulphuric acid, there is no other resource 
but to re-distil the commercial article. 

This is effected in a retort made of the material of Hessian or black 
lead crucibles. The operation is conducted in a wind furnace with good 
draught. The neck of the retort must hang down as perpendicularly as 
possible. Over this is placed a small drain-pipe, the lower end of 
which is allowed just to dip into water contained in a tub, or large stone- 
ware dish; the joints are stopped up with clay. The distillation 
begins as soon as the retort is at a bright red heat. As the neck of the 
retort is very liable to become choked up with oxide of zinc, it is neces- 
sary to keep it constantly free by means of a piece of iron wire. The 
zinc obtained by this re-distillation is as good as free from lead, but it 
still contains perceptible traces of iron (from the wire). If the total 
absence of iron in the product is desired, we must use the stem of a 
clay pipe or a stick instead of the iron wire. 

/Tests. — The following is the simplest way of testing the purity of 
zinc : dissolve the metal in dilute sulphuric acid in a small flask pro- 
vided with a gas-evolution tube, place the outer limb of the tube under 
water, and when the solution is completed, let the water entirely or 
partly recede into the flask ; after cooling, add to the fluid, drop by 
drop, a sufliciently dilute solution of permanganate of potassa. If a 
drop of that solution imparts the same red tint to the zinc solution as 
to an equal volume of acidulated water, the zinc may be considered 
free from iron. I prefer this way of testing the purity of zinc to other 
metliods, as it affords, at the same time, an approximate, or, if the zinc 
has been weighed, and the permanganate solution (which, in that case, 
must be considerably dilutea) measured, an accurate knowledge of the 
quantity of iron present. If lead or copper is present, it will remain 
undissolved upon solution of the zinc. 
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2. Copper. 

The copper of commerce, with the exception of the Japanese, is 
rarely sufficiently pure for analytical purposes. The chemist may 
prepare this metal tot himself in a state of purity, either in the gal- 
vanoplastic way, or as follows : precipitate the metal from a solution of 
the sulphate by a clean iron plate, free the precipitated copper from iron 
by boiling with hydrochloric acid ; wash, ary, fiise, and roll into thin 
sheets (Fuchs). 

Tests, — Pure copper must dissolve completely in nitric acid, and 
addition of ammonia in excess to this solution must not, even after long 
standing, produce in it any preciiatate (iron, lead, &c.) ; neither should 
the addition of hydrochloric acid render the solution turbid (silver). If 
its solution be precipitated with sulphuretted hydrogen, the filtrate 
should leave no residue on evaporation. 

Uses. — This metal serves us occasionally in indirect analysis ; thus 
it is used, for instance, to determine copper, also iron according to 
Fuchs, &c. However, since the introduction of volumetric methods, 
it is but rarely used in quantitative analysis. 

3. Oxide of Lead. 

Precipitate pure nitrate or acetate of lead with carbonate of 
ammonia, wash the precipitate, dry and ignite gently to complete 
decomposition. 

Oxide of lead is often used to fix an acid, so that it is not expelled 
even by a red heat. 

4. Oxide of Mercury. 

Preparation. — Pour ^a solution of chloride of mercury into a hot 
moderately dilute solution of soda, taking care to leave the solution of 
soda always in excess, and wash ;the yellow precipitate thoroughly 
by decantation 5 lastly mix with water, and keep in a bottle in this 
condition. 

Tests. — Oxide of mercury must leave no residue when heated to 
redness in a platinum crucible. 

Uses. — This reagent serves, in quantitative investigations, princi- 
pally to decompose chloride of magnesium in the process of separating 
magnesia from the alkalies. 

b. Sulphur Bases. 

1. Sulphide of Ammonium (see Qual. Anal.”). 

We require both the colorless monosulphide, and the yellow poly- 
sulphide. 

2. Sulphide of Sodium (see Qual. Anal.”). 

IV. SALTS. 

a. Salts of the Alkalies. 

§61. 

1. Sulphate of Potassa (see Qual. Anal.”). 

2. Phosphate of Ammonia. 

Preparation. — To pure dilute phosphoric acid (prepared from phos- 
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phonis) add pure ammonia to strong^ly alkaline reaction, allow to stand 
=some time, filter, if necessary, and keep for use. 

Tests. — Phosphate of ammonia must be free fi^m arsenic, nitric, and 
sulphuric acids, but more particularly from potassa, or soda. The 
presence of either of these alkalies may be detected by adding solution 
of pure acetate of lead, until the formation of a precipitate ceases, fil- 
tering, precipitating the excess of lead with sulphuretted hydrogen, 
filtering again, evaporating to drvness, and igniting the residue. If 
there now remains a residue soluble in water, and of alkaline reaction, 
this may be considered a conclusive proof of the presence of soda or 
potassa. 

In most cases phosphate of soda (see Qual. Anal.”) may be sub- 
stituted for phosphate of ammonia. 

• 8. Oxalate of Ammonia (see ^‘Qual. Anal.”). 

4. Acetate of Soda (see Qual. Anal.”). 

6. Succinate of Ammonia. 

Preparation. — Purify succinic acid, by dissolving in nitric acid and 
recrystallizing, and then saturate it with dilute ammonia. The reaction 
should be rather slightly alkaline than acid. 

Uses, — This reagent serves occasionally to separate sesquioxide of 
iron from other metallic oxides. 

6. Carbonate of Soda (see Qual. Anal.”). 

This reagent is required both in solution and in pure crystals ; in 
the latter form to neutralize an excess of acid in a fluid which it is 
desirable not to dilute too much. 

7. Carbonate of Ammonia (see Qual. Anal.”). 

8. Bisulphite of Soda (see Qual. Anal.”). 

y. Hyposulphite of Soda. 

This salt occurs in commerce. It should be dry, clear, well 
crystallized, completely and with ease soluble in water. The solution 
must give with nitrate of silver at first a white precipitate, must not 
effervesce with acetic acid, and when acidified must give no precipitate 
with chloride of barium, or at most, only a slight turbidity. The 
acidified solution must, after a short time, become milky from separa- 
tion of sulphur. 

Uses. — The hyposulphite of soda is used for the precipitation of 
several metals, as sulphides, particularly in separations, for instance, of 
copper from zinc ; it also serves as a solvent for several salts (chloride 
of silver, sulphate of lime, <fec.) ^ lastly, it is employed in volumetric 
analysis, its use here depending on the reaction 2 (NaO.S^O J 4* I = 
Nal + NaO, S,0.. 

10. Nitrite of Potassa (see ‘^Qual. Anal.”). 

11. Bichromate of Potassa (see “ Qual. Anal.”). 

12. Molybdate of Ammonia (see “ Qual. Anal.”). 

When this solution is used for estimating phosphoric acid, the 
filtrate from the phospho-molybdate of ammonia and that from the 
ammonia-phosphate of magnesia should be preserved. The molybdic 
acid may oe recovered from these residues as follows. Evaporate the 
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fluid in the open air or under a good draught to diyness, and finally 
heat till the greater part of the nitrate of ammonia is decomposed. 
Digest the residue with ammonia which dissolves the molybdic acid, 
and filter. Mix the filtrate with a little magnesia mixture (§ 03, 6) to 
precipitate any phosphoric acid. If a precipitate is formed, make sure 
that all the phosphoric acid is thrown down. Allow to stand some 
time, filter, add nitric acid till just acid, filter otf the molybdic acid 
which separates by suction, and wash with the least quantity of water. 
The filtrate and washings from the molybdic acid contain but little 
acid. They may be worked up with the next lot of residues. 

13. Chloride of Ammonium (see Qual. Anal.”). 

14. Cyanide of Potassium (see Qual. Anal.”). 

Besides the cyanide of potassium prepared by Liebig’s method, 
which contains cyanate and carbonate of potassa, we require the pitre 
salt in several cases of separation, for instance, in Wohler’s method of 
separating zinc and nickel. This is prepared as follows. Powder 3 
parts of crystallized ferrocyanide of potassium, transfer to a retort and 
add 4 parts of water and 1^ of sulphuric acid. Now dissolve 1 part of 
potassa (evaporated till it will just solidify on cooling, not fused) in 3 or 4 
parts of alcohol of at least 93 ])er cent., and filter ; ])lace the solution in 
the receiver, which should be kept cool. Apply heat to the retort and 
pass the hydrocyanic acid vapor into the potash, continuing the distil- 
lation till the residue begins to bump. The potash should remain in 
slight excess at the end of the operation. Filter the saline mass by 
suction, wash with a little alcohol, allow to drain thoroughly, dry in a 
porcelain dish and preserve in a well-closed bottle. 

d. Salts of Alkaline Earths, 

% 03. 

1. Chloride of Barium (see Qual. Anal.”). 

The following process g-ives a very pure chloride of bnrium, free 
from lime and strontia : — Transmit through a concentrated solution of 
the impure salt hydrochloric g*as, as long as a precipitate continues to 
form. Nearly the whole of the chloride of barium present is by this 
means separated from the solution, in form of a crystalline jiowder. 
Collect this on a filter, let the liquid drain off (it is best to api)ly 
suction), wash repeatedly with small quantities of pure hydrochloric 
acid, until a sample of the washings, diluted with water, and precipitated 
with sulphuric acid, gives a filtrate which, upon evaporation in a 
platinum dish, leaves no residue. The hydrochloric mother-liquor 
serves to dissolve fresh portions of witlierite. I make use of the 
chloride of barium so obtained, principally for the preparation of per- 
fectly pure carbonate of baryta, which is often required in quantitative 
analysis. 

2. Acetate of Baryta. 

Preparation, — Dissolve pure carbonate of baryta in moderately dilute 
acetic acid, filter, and evaporate to crj^-stallization. 

Tests, — Dilute solution of acetate of baryta must not be rendered 
turbid by nitrate of silver. See also Cldoride of barium, 

QUANT. VOL. I. ^ 
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Uses, — Acetate of baryta is used instead of chloride of barium, to 
effect the precipitation of sulphuric acid, in cases where it is desirable 
to avoid the introduction of a chloride into the solution, or to convert 
the base into an acetate. As the reagent is seldom required, it is best 
kept in crystals. 

3. Carbonate of Baryta (see Qual. Anal.”). 

4. Chloride of Strontium. 

Preparation, — Chloride of strontium is prepared from strontianite or 
celestine, by the same processes as chloride of barium. (See Qual. 
Anal.”). The pure crystals obtained are dissolved in spirit of wine 
of 96 per cent., the solution is filtered, and kept for use. 

Uses, — The alcoholic solution of chloride of strontium is used to 
effect the conversion of alkaline sul})hates into chlorides, where it is 
desirable to avoid the introduction into the fiuid of a salt insoluble in 
spirit of wine. 

5. Chloride of Calcium (see Qual Anal.”). 

6. Sulphate of Magnesia (see “ Qual. Anal.”). 

This reagent is principally used to precipitate phosphoric acid or 
arsenic acid from aqueous solutions. The solution required for this 
purpose should be kept ready prepared : it is made by dissolving 1 
part of crystallized sulphate of magnesia and 2 parts of pure chloride of 
ammonium in 8 parts of water and 4 parts of solution of ammonia, 
allowing the fiuid to stand at rest for several days, and then filtering. 

This solution is sometimes called magnesia-mixture. 

c. Salts of the Oxides of the Heavy Metals, 

§ 63. 

1. Sulphate of Protoxide of Iron (see ^^Qual. Anal.”). 

2. Sesqui CHLORIDE OF Iron (see Qual. Anal.”). 

3. Acetate of Se'sqoi oxide of Uranium. 

Heat finely powdered pitchblende with dilute nitric acid, filter the 
fiuid froui the undissolved ])ortion, and treat the filtrate with hydrosul- 
jihuric acid, to remove the lead, copj)er, and arsenic ; filter again, 
evaporate to dryness, extract the residue with water, and filter the 
solution from the oxides of iron, cobalt and manganese. Nitrate of 
sesquioxide of uranium crystallizes from the filtrate ; purify this by 
recrystallization, and then heat the crystals until a small portion of the 
sesquioxide of uranium is reduced. Warm the vello wish-red mass thus 
obtained with acetic acid, filter and let the filtrate crystallize. The 
crystals are acetate of sesquioxide of uranium, and the mother-liquor 
contains the undecomposed nitrate (Wertheim). The salt may be 
still more conveniently prepared from the commercial compound of 
soda and sesquioxide of uranium,* as follows. Digest 1 part of this 
substance with 2 parts acetic acid of 1*038 sp. gr., then add 26 parts 
water, heat, filter, evaporate and crystallize. The uranium in the last 
mother-liquors may be precipitated by ammonia. 


This may be obtained from the K.K. Bergoberamt, Joachimsthal. 
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Residues may be worked up as follows. Pour off the clear liquor 
from any deposit of phosphate of uranium and precipitate the uranium 
in it with phosphate of soda, wash the precipitate by decantation and 
add it to tne deposit. Dissolve in hydrochloric acid, add sesquichloride 
of iron till a sample gives a brownish precipitate on addition of 
carbonate of ammonia, dilute and then add to the solution, which 
should contain a sufficient excess of hydrochloric acid, an excess of 
solution of common carbonate of soda. All the phosphoric acid will be 
thrown down as basic phosphate of sesquioxide of iron, the sesquioxide 
of uranium will remain in the solution which contains bicarbonate of 
soda. Filter, wash, acidify the filtrate with hydrochloric acid, heat till 
the carbonic acid is expelled and precipitate the sesquioxide of uranium 
in the heat by ammonia. Wash and dissolve in acetic acid ^E. 
Reichard*). 

TesU. — Solution of acetate of sesquioxide of uranium after acidifica- 
tion witli hydrochloric acid must not be altered by hydrosulphuric 
acid ; carbonate of ammonia must produce in it a precipitate, soluble in 
an excess of the precipitant. A sample of the dilute solution should 
acquire a red tint when mixed with a little sulphuric acid and a drop of 
permanganate of potassa (absence of a salt of protoxide of uranium). 

Uses. — Acetate of sesquioxide of uranium may serve, in many cases, 
to effect the separation and determination of phosphoric acid and arsenic 
acid. 

4. Nitrate of Silver (see ^^Qual. Anal.’^). 

5. Acetate on Lead (see ‘‘ Qual. Anal.’^). 

6. Chloride of Mercury (see Qual. Anal.^'). 

7. Protochloride of Tin (see ^^Qual. Anal.”). 

8. Bichloride of Platinum (see Qual. Anal.^^). 

It IS convenient to know apj)roximately the strength of this solu- 
tion. Let 10 or 20 c.c. contain 1 grm. platinum. 

9. Sodio-Protochloride of Palladium (see “Qual. Anal.”). 

B, REAGENTS FOR GRAVIMETRIC ANALYSIS 
IN THE DRY WAY. 

§ 64. 

1. Carbonate of Soda, pure anhydrous (see “Qual. Anal.”). 

2. Mixed Carbonates of Soda and Potassa (see “ Qual. 

Anal.”). 

3. Hydrate of Baryta (see “ Qual. Anal.”). 

4. Nitrate of Potassa (see “ Qual. Anal.”). 

5. Nitrate of Soda (see “ Qual. Anal.”). 

6. Borax (fused). 

Preparation, — Heat crystallized borax (see Qual. Anal.”) in a pla- 
tinum or porcelain dish, until there is no further intumescence ; reduce 
the porous mass to powder, and heat this in a platinum crucible until 

h2 


* Zeitschr. f. anal. Chem. 8, 116. 
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it is fiised to a transparent mass. If it is not required for immediate 
use, pour the semi-fluid, viscid mass upon a fragment of porcelain. A 
better way, in the latter case, is to fuse the borax on a piece of pla- 
tinum gauze, by making the gas blowpipe-flame act upon it. The drops 
are collected in a platinum dish. The vitrified borax obtained is kept 
in a well-stoppered bottle. But as it is always necessary to heat the 
vitrified borax previous to use, to make quite sure that it is perfectly 
anhydrous, thehest way is to prepare it only when required. 

Uses, — Vitrified borax is used to eflect the expulsion of carbonic acid 
and other volatile acids, at a red heat. 

7. Bisulphate of Potassa. 

Preparatim. — Mix 87 parts of neutral sulphate of potassa (see Qual. 
Anal.”), in a platinum crucible, with 49 parts of sulphuric acid, and 
heat to gentle redness, until the mass is in a state of calm fusion. Pour 
the fused salt on a fragment of porcelain, or into a platinum dish 
standing in cold water. After cooling, break the mass into pieces, and 
keej) for use. 

Uses, — This reagent serves as a flux for certain native compounds of 
alumina and sesquioxide of chromium. Bisulphate of potassa is used 
also, as we have already had occasion to state, for the cleansing of pla- 
tinum crucibles ; for this latter purpose, however, the salt which is 
obtained in the preparation of nitric acid, will be found sufficiently 
pure. 

8. Bisulphate of Soda. 

Preparation, — Like the previous salt, using 71 parts of pure sulphate 
of soda and 49 parts sulphuric acid. 

Uses, — The bisulphate of soda serves the same purposes as the bi- 
sulphate of potassa, and is to be substituted for it when, as in the fusion 
of corundum, alum may crystallize out to the annoyance of the analyst 
(L. Smith*). 

9. Fluoride of Potassium and Hydrogen. 

Preparatwn, — Neutralize a definite quantity of hydrofluoric acid in 
a })latinum dish with pure carbonate or hydrate of potassa, finally 
applyin^^ heat ; then add a quantity of hydrofluoric acid equal to that 
hrst used, and evaporate to dryness. It is usual to prepare this sub- 
stance immediately before it is required j if it is to be preserved, a 
gutta-perelia vessel must be used. 

Tests. — The following tests should produce no change — namely, 
sulphuretted hydrogen, ammonia, ammonia and sulphide of ammonium, 
carbonate of ammonia, and ammonia and phosphate of soda. 

Uses, — This preparation is a valuable flux for many minerals which 
are usually considered very refractory, such as tinstone and chromic 
iron (GiBHSt). 

10. Fluoride of Ammonium and Hydrogen. 

Preparation, — To hydrofluoric acid or hydrofluosilicic acid, best in a 
platinum dish, add ammonia to strongly alkaline reaction, allow to 
stand for some time at a gentle heat, filter if necessary, and evaporate 
the filtrate in a platinum dish to dryness. Half the ammonia will 


* Ztitsebr. f. anal. Chem. 4, 412. 


t Ih, 8, 399. 
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escape, the above salt remaining behind. If it is to be preserved, a 
gutta-percha vessel must be used. 

Tests, — Like fluoride of potassium and hydrogen. Also a sample 
heated in platinum should leave no fixed residue. The last test should 
be applied in the open air or under a good draught. 

Uses, — ^This preparation may be very advantageously substituted for 
hydrofluoric acid in the analysis of silicates. 

11. Carbonate of Ammonia (solid). 

Preparation, — See Qual. Anal.” — This reagent serves to convert 
the bisulphates of the alkalies into neutral salts. It must completely 
volatilize when heated in a platinum dish. 

12. Nitrate of Ammonia. 

Preparation, — Neutralize pure carbonate of ammonia with pure nitric 
acid, warm, and add ammonia to slightly alkaline reaction ; filter, if 
necessary, and let the filtrate crystallize. Fuse the crystals in a pla- 
tinum dish, and }>our the fused mass on a piece of porcelain ; break into 
pieces whilst still warm, and keep in a well-stoppered bottle. 

Tests , — Nitrate of ammonia must leave no residue when heated in a 
platinum dish. 

Uses, — Nitrate of ammonia serves as an oxidizing agent ; for in- 
stance, to convert lead into oxide of lead, or to effect the combustion 
of carbon, in cases where it is desired to avoid the use of fixed salts. 

13. Chloride of Ammonium. 

Preparation and Tests, — See Qual. Anal.” 

Uses, — Chloride of ammonium is often used to convert metallic 
oxides and acids, e.g,^ oxide of lead, oxide of zinc, binoxide of tin, 
arsenic acid, antimonic acid, &c. into chlorides (ammonia and water 
escape in the process). Many metallic chlorides being volatile, and 
others volatilizing in presence of chloride of ammonium fumes, they 
may be completely removed by igniting them with chloride of ammo- 
nium in excess, and thus many compounds, e.g,, alkaline antimonates, 
may be easily and expeditiously analysed. Chloride of ammonium is 
also used to convert various salts with other acids into chlorides, e,g,y 
small quantities of alkaline sulphates. 

14. Hydrogen Gas, 

Preparatwn, — Hydrogen gas is produced by the action of dilute 
sulphuric acid on granulated zinc. It is best purified from traces 
of foreign gases by passing first through chloride of mercury solu- 
tion, then through potash solution. It the gas is desired dry, pass 
through sulphuric acid or a chloride of calcium tube. If the hydrogen 
does not come off easily, add a drop of bichloride of platinum. 

Tests, — Pure hydrogen gas is inodorous. It ought to burn from a 
platinum jet with a colorless, n on-luminous flame, which, when cooled 
by depressing a porcelain dish upon it, must deposit nothing on the 
surface of the dish except pure water (free from acid reaction). 

Uses, — Hydrogen gas is frequently used, in quantitative analysis, to 
reduce oxides, chlorides, sulphides, &c., to the metallic state, and also 
to protect certain bodies, such as met^lic sulphides, from the atmo- 
sphere during ignition. 
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15. Chlorine. 

PreparaUm, — See Qual. Anal.” — Chlorine gas is pnrified and dried 
by transmitting it through a U-tube containing fragments of binoxide 
of manganese, then through concentrated sulphuric acid, or a chloride 
of calcium tube. 

Uses, — Chlorine gas serves principally to produce chlorides, and to 
separate the volatile from the non-volatile chlorides ; it is also used to 
displace and indirectly determine bromine and iodine, and to convert 
lower chlorine compounds into higher. 

C, EEAGENTS USED IN VOLUMETRIC ANALYSIS. 

§ 65. 

<Jnder this head are arranged the most important of those sub- 
stances, which serve for the preparation and testing of the fluids 
required in volumetric analysis, and have not been given under A and B, 

1. Pure Crystallized Oxalic Acid. 

The introduction of crystallized oxalic acid as a basis for alkalimetry 
and acidimetry is due to Fr. Mohr. It is also employed to standardize 
a solution of permanganate of potassa, 1 equivalent of permanganic acid 
being required to convert 5 equivalents of oxalic acid* into carbonic 
acid (Mn,0, + 2 SO^ + 5 C^ = 2 (MnO, SOJ + 10 CO,). We use in most 
cases the jmre crystallized acid which has the formula 0,0,, HO -f 2 aq., 
and whose equivalent is accordingly 63. 

Preparation, — Treat powdered oxalic acid of commerce, in a flask, 
with lukewarm distilled m ater, in such proportion as will leave a large 
amount of the acid undissolved, and shalce (Mohr). Filter, crystallize 
by rapid cooling, and let the crystals drain ; then spread them out on 
blotting-paper, and let them get thoroughly dry, at the common 
temperature, in a place free from dust ; or press them gently between 
sheets of blotting-paper, and repeat the operation with fresh sheets, 
until the crystals are quite dry. 

Tests, — The crystals of oxalic acid must not show the least sign of 
efllorescence (to which they are liable even at 20° in a dry atmosphere) ; 
they must dissolve in water to a perfectly clear fluid ] when heated in a 
plaUnum dish, they must leave no fixed and incombustible residue (car- 
bonate of lime, carbonate of potassa, &c,). If the acid obtained by a first 
crystallization fails to satisfy these requirements, it must be recrystallized. 
In this case the strength of the solution should be so adjusted that 
not more than 10 or 20 per cent, of the acid may crystallize out at first ; 
this crop will contain the foreign salts. Remove these crystals, and 
evaporate the mother -liquor further to obtain a second crop, consisting 
of the pure acid. 

2. Tincture of Litmus. 

. Digest 1 part of litmus of commerce with 6 parts of 

water, on the water-bath, for some time, filter, divide the -blue fluid into 
2 portions, and saturate, in one-half the free alkali, by stirring re- 
peatedly with a glass rod dipped in very dilute nitric acid, until the 

* Considered as a monobasic acid. 
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color just appears red; add the remaining blue half, together with 
1 part of strong spirits 'of wine, and keep the tincture, which is now 
ready for use, in a small open bottle, not quite full, in a place pro- 
tected from dust. In a stoppered bottle the tincture would speedily 
lose color. 

Tests , — ^Litmus tincture is tested by coloring with it about 100 c.c. 
of water distinctly blue, dividing the fluid into two portions, and adding 
to the one the least quantity of a dilute acid, to the other a trace of 
solution of soda. If the one portion acquires a distinct red, the other 
a distinct blue tint, the litmus tincture is fit for use, as neither acid nor 
alkali predominates. 

3. Permanganate of Potassa. 

Preparation , — Mix 8 parts of very finely powdered pure pyrolusite, 
or the oxide of manganese left gentle ignition of the carboitate, 
with 7 parts of chlorate of potassa, put the mixture into a shallow cast- 
iron pot, and add 37 parts of a solution of potassa of 1*137 sp. gr. (the 
same solution as is used in organic analysis*) ; evaporate to dirncss, 
stirring the mixture during the operation ; put the residue, before it 
has absorbed moisture, into an iron or Hessian crucible, and expose to 
a (lull-red heat, with frequent stirring with an iron rod or iron spatula, 
until no more aqueous vapors escape, and the mass is in a faint glow. 
Remove the crucible now from the fire, and transfer the friable mass to 
an iron pot. Reduce to coarse powder, and transfer this, in small 
portions at a time, to an iron vessel containing 100 parts of boiling 
water ; keep boiling, replacing the evaporating water, and passing a 
stream of carbonic acid through the fluid (Mulder). The originally 
dark-green solution of manganate of potassa soon changes, with sej)a- 
rution of hydrated binoxide of manganese, to the deep violet-red of the 
})ermanganate. When it is considered that the conversion is complete, 
allow to settle, take out a small quantity of the clear liquid, boil and 
pass carbonic acid through it. If a precipitate forms the conversion is 
not yet complete. 

The following method, recommended by StAdeler,! is more 
rapid. After the fusion, reduce the product to powder, transfer to a 
flask, and macerate with an equal wemht of cold water, then add the 
same quantity of water, and pass chlorine with frequent shaking till 
the color is a pure red. Dilute with four times its volume of water, 
and allow to settle. In this way the yield is increased by half, since 
no binoxide of manganese is thrown down. On the other hand, if 
the fused mass contains excess of potassa, chlorate of potassa may be 
formed, which will interfere with the purity of the crystals obtained. 

When the red solution, prepared in one or other of the above ways, 
has been allowed to settle, pour it off, wash the deposit by decantation, 
mix the two fluids, evaporate over the fire to the crystallizing point, 
and allow to cool. The mother-liquor, if evaporated again, will yield 
another crop of crystals. A third crop cannot be obtained, as the 
liquor will contain too much chloride of potassium ; it may be used for 
preparing binoxide of manganese. If the crystals are not pure 

* Or instead of the solution, use ten parts of the hydrate (K 0, HO). In this 
case fuse the potash and the chlorate together first, and then project tlie manganese 
into the cmcible. 

t Joum. f. prakt. Chem. 108, 107. 
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enough, they be recrystallized with ease. They are dried on a 
plate of plaster of Paris. 

If it is necessary to filter^ solution of permang^anate of potassa, 
this may be done through gun-cotton, asbestos, or previously ignited 
sand. 

4. Ammonio-Sulphate of Protoxide of Iron. 

(Fe 0 ,S 03 + NHp,S 03 + 6 aq.) 

Fr. Mohr has proposed to employ this double salt, which is scarcely 
liable to efflorescence and oxidation, as an agent to determine the 
strength of permanganate solution. 

Preparation, — To two parts of water add one part of sulphuric acid, 
and divide into two equal ])ortions. Warm one with a moderate excess 
of*small iron nails free from rust, nntil the evolution of hydrogen gas 
has altogether or very nearly ceased. Warm the other portion, and 
add carbonate of ammonia in coarse powder till the fluid is neutral. 
IV ow add to the iron solution a few drops of dilute sulphuric acid, and 
filter it immediately. Filter the sulphate of ammonia if necessary, and 
add a few drops of dilute sulphuric acid. Mix the two warm filtrates 
in a porcelain dish, and stir till cold. Allow to stand some hours, 
collect the bluish- white powder in a ’ funnel, remove the mother-liquor 
by suction, wash with a small quantity of spirit of wine diluted with 
half its volume of water, and then dry on blotting-paper, without heat, 
till the powder runs off a dry watch-glass like dry sand. Preserve in 
a well-closed vessel. 

The equivalent of the salt (196*04) is almost exactly 7 times that of 
iron (28). The solution of the salt in water acidified with sulphuric 
acid must not become red on the addition of sulphocyanide of 
potassium. 

5. Pure Iodine. 

Preparation, — Triturate commercial iodine with J of its weight of 
iodide of ])otassium, dry the mass in a large watch-glass with ground 
rim, warm this gently on a «niid-bath, or on an iron plate, and as soon 
as violet fumes begin to escape, cover it with another watch-glass of 
the same &ize. Continue the application of heat until all the iodine is 
bublimed, and keep in a well-closed glass bottle. The chlorine or 
bromine, which is often found in commercial iodine, combines, in this 
process, with potassium, and remains in the lower watch-glass, with 
the excess of iodide of potassium. To carry out this operation on a 
larger scale, you may use a j)orcelain plate and large funnel, the rim of 
which is pasted down to the plate with strij>s of pajier. 

Tests . — Iodine thus purifled must leave no fixed residue when 
heated on a watch-glass. 

Uses , — Pure iodine is used for the preparation of the solution of 
iodine in iodide of potassium, employed in many volumetric processes. 

6. Iodide of Potassium. 

For the preparation of iodide of potassium intended for analytical 
purposes I recommend Baup’s method, improved by Frederking, 
because the product obtained by this process is free from iodic acid. 
But it will not be worth while to make one’s own iodide of potassium. 

Tests. — Put a sample of the salt in dilute sulphuric acid. If the 
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iodide is pure, it will dissolve without coloring* the fluid ; but if it 
contain ionate of potassa, the fluid will acquire a brown tint, from the 
presence of free iodine (KI + HO + SO» = KO,SOj + HI and 10, + 5 HI 
~ 5 HO + 6 1, which remain in solution in the hydriodic acid). 
Mix the solution of another sample with nitrate of silver, as long as a 
precipitate continues to form ; add solution of ammonia in excess, 
shake the mixture, filter, and supersaturate the filtrate with nitric acid. 
The formation of a white, curdy precipitate indicates the presence of 
chloride of potassium. Presence of sulphate of potassa is detected by 
means of chloride of barium, with addition of hyurochloric acid. 

Uses , — Iodide of potassium is used as a solvent for iodine, in the 
preparation of standard solutions of iodine; it is employed also to 
absorb free chlorine. In the latter case every equivalent of chlorine 
liberates an equivalent of iodine, which is retained in solution by the 
agency of the excess of iodide of potassium. The iodide of potassium 
intended for these uses must be free from iodate and carbonate of 
I)otassa; the presence of trifling traces of chloride of potassium or 
sulphate of potassa is of no consequence. If a solution of iodide of 
potassium of an exactly known strength is required, the salt must be 
powdered and dried at 180° till it ceases to lose weight, before being 
weighed out to make the solution. If the temperature during drying 
much exceeds 200° the formation of iodate is to be apprehended 
(Petteusson*). 

7. Sulphurous Acid. 

Preparation , — Conduct the sulphurous acid gas disengaged from 
copper turnings and sulphuric acid, and washed (see Qual. Anal.^’) 
into water to saturation, and keep the solution in several well-corked 
bottles. 

This concentrated solution serves to prepare the highly dilute solu- 
tion of sulphurous acid used in Bunsen’s method of determining iodine. 

8. Arsenious Acid. 

The commercial arsenious acid in large pieces, externally opaque, 
but often still vitreous within, is generally quite pure. The purity of 
the article is tested by moderately heating it in a glass tube, open at 
both ends, through which a feeble current of air is transmitted. Pure 
arsenious acid must completely volatilize in this process ; no residue 
must be left in the tube upon the expulsion of the sublimate from it. 
If a non-volatile residue is left which, when heated in a current of 
hydrogen gas, turns black, the arsenious acid contains teroxide of 
antimony, and is unfit for use in analytical processes. Dissolve about 
10 grm. of the arsenious acid to be tested in soda, and add one or two 
drops acetate of lead. If a brownish color is produced, the arsenious 
acid contains sulphide of arsenic and cannot be used. 

Arsenious acid is employed, in form of arsenite of soda, to determine 
h3rpochlorous acid, free chlorine, iodine, &c. 

9. Chloride of Sodium. 

Perfectly pure rock-salt is best suited for analytical purposes. It 
must dissolve in water to a clear fluid, which must not be rendered turbid 
by oxalate of ammonia, phosphate of soda, or chloride of barium. Pure 

* Zeitschr. f. anal. Chem. 9, 362. 
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chloride of sodium may be prepared also by Margueritte’s process, 
viz., conduct into a concentrated solution of common salt hydrochloric 
gas to saturation, collect the small crystals of chloride of sodium which 
separate on a funnel, let them thoroughly drain, wash with hydro- 
chloric acid, and dry the chloride of somum finally in a porcelain dish, 
until the hydrochloric acid adhering to it has completely evaporated. 
The mother-liquor, which contains the small quantities of sulphate of 
lime, chloride of magnesium, (fee., originally present in the salt, is at 
the next preparation of hydrochloric acid added to the ingredients in 
the retort, instead of a corresponding portion of water. 

Uses , — Chloride of sodium serves as a volumetric precipitating 
agent in the determination of silver, and also to standardize solutions 
of silver intended for the estimation of chlorine. We usually fuse it 
before weighing. The operation must be conducted with caution and 
must not be continued longer than necessary ; for if the gas-flame acts 
on the salt, hydrochloric acid escapes, while carbonate of soda is 
formed. 

10 . Metallic Silver. 

The silver obtained by the proper reduction of the pure chloride of 
the metal alone can be called cnemically pure. The silver precipitated 
by copper, is never absolutely pure, but contains generally about y oW of 
copper. 

Chemically pure silver is only used in small quantity for standard- 
izing the chloride of sodium solution employed for the determination of 
silver. The solution of silver required for the estimation of chlorine 
need not be made with absolutely pure silver, as it is best standardized 
afterwards with chloride of sodium. 


D, EEAGENTS USED IN ORGANIC ANALYSIS. 

§ 66 . 

1. Oxide of Copper. 

Preparation, — Stir pure copper scales (which should be first ignited 
in a muffle) with pure nitric acid in a porcelain dish to a thick paste ; 
after the effervescence has ceased, heat gently on the sand-bath until 
the mass is perfectly dry. Transfer the green basic salt produced to a 
Hessian crucible, and heat to a moderate redness, until no more fumes 
of hyponitric acid escape ; this may be known by the smell, or by in- 
troducing a small portion of the mass into a test tube, closing the latter 
with the finger, heating to redness, and then looking throu^ the tube 
lengthways. The uniform decomposition of the salt in the crucible 
may be promoted by stirring the mass from time to time with a hot 
glass rod. When the crucible has cooled a little, reduce the mass to 
a tolerably fine powder, pass through a metal sieve, and keep in a well 
stoppered bottle for use. It is always advisable to leave a small 
portion of the oxide in the crucible, and to expose this again to an 
intense red heat. This agglutinated portion is not pounded, but simply 
broken into small frapnents. 

Tests . — Pure oxiae of cop^r is a compact, heavy, deep-black 
powder, gritty to the touch. Upon exposure to a red heat in a tube of 
hard glass with a current of air passing through, it must give no acid 
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fiimes (hyponitric acid, sulphuric acid, hydrochloric acid, selenious acid 
[Violette]) nor carbonic acid (from charcoal or dust). It must contain 
nothing soluble in water. That portion of the oxide which has been 
exposed to an intense red heat should be hard, and of a greyish-black 
color. 

Uses, — Oxide of copper serves to oxidize the carbon and hydrogen 
of organic substances, yielding up its oxygen wholly or in part, accord- 
ing to circumstances. That portion of the oxide which has been heated 
to the most intense redness is particularly useiiil in the analysis of 
volatile fluids. 

N.B. Spent oxide of copper maybe regenerated by ignition in a cur- 
rent of oxygen or air, or by oeing subjected to the process detailed under 
its preparation. Should it have become mixed with alkaline or alka- 
line earthy salts, it is first digested with very dilute cold nitric acid, 
and washed afterwards with water. * 

2. Chromate of Lead. 

Preparation , — Precipitate a clear filtered solution of acetate of lead, 
slightly acidulated with acetic acid, with a small excess of bichromate 
of potassa ; wash the precipitate by decantation and at last thoroughly 
on a linen strainer ; dry, put into a Hessian crucible, and heat to 
bright redness until the mass is fairly in fusion. Pour out upon a stone 
slab or iron plate, break, pulverize, pass through a fine metallic sieve, 
and keep the tolerably fine powder lor use. 

TesU , — Chromate of leaa is a heavy powder, of a dirty yellowish- 
brown color. It must evolve no carbonic acid upon ignition ; the evolu- 
tion of carbonic acid would indicate contamination with organic matter, 
dust, &c. It must contain nothing soluble in water. 

TJses . — Chromate of lead serves, like oxide of copper, for the com- 
bustion of organic substances. It is converted, in the process of com- 
bustion, into sesquioxide of chromium and basic chromate of lead. It 
suffers the same decomposition, with evolution of oxygen, when heated 
by itself above its point of fusion. The property of chromate of lead to 
fuse at a red heat renders it preferable to oxide of copper for difficultly 
combustible substances. 

N.B. Chromate of lead may be used a second time. For this pur- 
pose it is fused again (being first washed if necessary), and then pow- 
dered. After having been twice used it is powdered, moistened with 
nitric acid, dried, and fused. In this way the chromate of lead may be 
used over and over again indefinitely (Vohl*). 

3. Oxygen Gas. 

Preparation, — ^Triturate 100 grm. chlorate of potassa with 5 grm. of 
finely pow’dered binoxide of manganese, and introduce the mixture into 
a plain retort, which must not be more than half full ; expose Ihe 
retort, over a charcoal fire or a gas lamp, at first to a gentle, and then 
to a gradually increased heat As soon as the salt begins to fuse, 
shake the retort a little, that the contents may be uniformly heated. 
The evolution of oxygen speedily commences, and proceeds rapidly at a 
relatively low temperature, provided the above proportions be adhered 
to. As soon as the air is expelled from the retort, connect the glass 


* Annal d. Cbem. a. Pbann. 106, 127. 
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tube, fixed in the neck of the retort by means of a tight-fitting per- 
forated cork, with an india-rubber tube inserted into the lower orifice 
of the gasometer ; the glass tube must be sufficiently wide, and there 
must be sufficient space left around the india-rubber to permit the free 
effiux of the displaced water. Continue the application of heat to the 
retort until the evolution of gas has ceased. 

100 grm. chlorate of T)otassa give about 27 litres of oxygen. 

The oxygen produced by this process is moist, and may contain 
traces of carbonic acid gas, and also of chlorine. These impurities 
must be removed, and the oxygen gas thoroughly dried, before it can 
be used in organic analysis. The gas is, therefore, passed from the 
gasometer, ffirst through a solution of potassa of 1*27 sp. gr., then 
through U-tubes containing granulated soda-lime, and finally accord- 
ing to circumstances, through U-tubes containing chloride of calcium 
or pumice moistened with sulphuric acid. 

Tests . — A chip of wood which has been kindled and blown out, so 
as to leave a spark at the extremity, must immediately burst into flame 
in a current of oxygen gas. The gas must not render lime-water, or 
solution of nitrate of silver, turbid when transmitted through these 
fluids. 

4. Soda-lime. 

Preparation . — Take solution of caustic soda, ascertain its specific 
^avity, weigh out a certain quantity, calculate the weight of the 
hydrate of soda present, add twice this latter weight of the best quick- 
lime, allow the lime to slake, and then evaporate to dryness in an iron 
vessel. Heat the residue in an iron or Hessian crucible, keej) for some 
time at a low red heat, break up the lumps while still warm in an iron 
mortar, passing the whole through a sieve with meshes 3 mm. wide. 
Sift again with a mesh 2 mm. wide. The grains which remain on the 
sieve, and the finer portion which passes through, are kept separately 
in well-closed bottles. 

Tests. — Soda-lime must not effervesce too much when treated with 
dilute hydrochloric acid in excess; but more particularly it must not 
evolve ammonia when mixed with pure sugar, and heated to redness. 

Vses . — Granulated soda-lime forms an excellent absorbent for car- 
•bonic acid, the powder serves for the analysis of nitrogenous orffanic 
substances. 

5. Metallic Copper. 

Metallic copper serves, in the analysis of nitrogenous substances, 
to effect the reduction of the nitric oxide that may form in the course 
of the process. 

It is used either in the form of turnings, or in that of close spirals 
of, wire ; or of small rolls made of thin sheet copper. A length of from 
7 to 10 cm. is given to the spirals or rolls and just sufficient thickness 
to admit of their being inserted into the combustion tube. To have it 
perfectly free from dust, oxide, <S;c., it is first heated to redness in the 
open air, in a crucible, until the surface is oxidized ; it is then put into 
a glass or porcelain tube, through which an uninterrupted current of 
diy hydrogen is transmitted ; and when all atmosphenc air has been 
expelled from the evolution apparatus and the tube, the latter is in its 
whole length heated to redness. The operator should make sure that 
the atmospheric air .has been thorough^ expelled, before he proceeds 
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to applj heat to the tube ; neglect of this precaution may lead to an 
explosion. 

6. PoTASSA. 

a. Solution of Potassa, 

Solution of potassa is prepared from the carbonate, with the aid of 
milk of lime, in the way described in the Qualitative Analysis,” for 
the preparation of solution of soda. The proportions are — 1 part of 
carbonate of potassa to 12 parts of water, and f part of lime, slaked to 
paste with three times the quantity of warm water. 

The decanted clear solution is evaporated in an iron vessel, over a 
strong fire, to a specific gravity of 1*27 ; it is then, whilst still warm, 
poured into a bottle, which is well closed, and allowed to stand at rest 
until all solid particles have subsided. The clear solution is finally 
drawn off from the deposit, and kept for use. 

Hydrate of Potassa (common). 

The commercial hydrate of potassa in sticks will answer the pur- 
pose. If you wish to prepare it, evaporate solution of potassa {a) in a 
silver vessel, over a strong fire, until the residuary hydrate flows like 
oil, and white fumes l^gin to rise from the surface. Pour the fused 
mass out on a clean iron plate, and break it up into small pieces. 
Keep in a well-stoppered bottle for use. 

c. Hydrate of Potassa (purified with alcohol), see Qual. Anal.” 

Uses, — Solution of potassa serves for the absorption, and at the 
same time for the estimation of carbonic acid. In many cases, a tube 
filled with hydrate of potassa is used, in addition to the apparatus, filled 
with solution of potassa. Hydrate of potassa purified with alcohol, 
which is perfectly free from sulphate of potassa, is employed for the 
determination of sulphur in organic substances. 

7. Chloride of Calcium. 

a. Pure CJhloride of Calcium, 

Preparation, — Take the residue of the preparation of ammonia, which 
consists of basic chloride of calcium, and digest it with warm water ; or 
else dissolve some carbonate of lime or lime in common hydrochloric 
acid and water. If necessary, digest this impure solution with some 
hydrate of lime, so that the fluid may be strongly alkaline, and add 
some sulphide of calcium, till after digestion for some time a sample 
filtered off is not darkened by sulphide of ammonium. Now filter, 
render the solution barely acid with hydrochloric acid, evaporate in a 
porcelain dish, filter off the separated sulphur if necessary, evaporate in 
a porcelain dish to dryness, and expose the residue for several hours 
to a tolerably strong heat (about 200*^), on the sand-bath. The white 
porous mass obtained consists of Ca Cl + 2 aq. 

h. Crude fused Chloride of Calcium, 

Preparation, — Digest the impure solution of chloride of calcium 
obtained as in a with a little hydrate of lime, filter, neutralize exactly 
with hydrochloric acid, evaporate to dryness in an iron pan, fuse in an 
iron or Hessian crucible, pour out, and break into pieces. Preserve it 
in well- stoppered bottles. 
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Uses, — The crude fused chloride of calcium serves to dry moist 
gases j the pure chloride is used in organic analysis for the absorption 
and estimation of the water formed from the hydrogen in the substance. 
The solution of the pure chloride of calcium must not show an alkaline 
reaction. 

8. Bichromate of Potassa. 

The commercial salt is purified by repeated recrystallization, until a 
sample dissolved in water gives a precipitate with chloride of barium 
completely soluble in hydrochloric acid. 

Bichromate of potassa thus perfectly free from sulphuric acid is 
required more particularly for the oxidation of organic substances with 
a view to the estimation of their sulphur. Where the salt is intended 
for other purposes, e.g,^ to determine the carbon of organic bodies, by 
heating them with chromate of potassa and sulphuric acid, one recrys- 
tallization is sufficient. 



SECTION III. 


FORMS AND COMBINATIONS IN WHICH SUBSTANCES ARE SEPA- 
RATED FROM EACH OTHER, OR IN WHICH THEIR WEIGHT IS 
DETERMINED. 


§67. 

The quantitative analysis of a compound substance requires as the 
first and most indis])ensable condition, an accurate knowledg’e of the 
composition and properties of the new combinations, into which it is 
intended to convert its constituents, for the purpose of separating* them 
from one another, and determining their several weights. Regarding 
the properties of the new compounds, we have to inquire more parti- 
cularly, in the first place, how they behave with solvents ; secondly, 
what is their deportment in the air ; and, thirdly, what is their beha- 
vior on ignition. It may be laid down as a general rule that com- 
pounds are the better adapted for being weighed the more insoluble 
they are, and the less alteration they undergo upon exposure to air or 
to a high temperature. 

The composition of bodies is expressed either in per-cents, or in 
stoichiometrical formulae ; by means of the latter, the constitution of 
the more frequently recurring compounds may be easily remembered. 
In this Section the composition of the substances treated of is given in 
three different ways, in as many columns : the first column gives the 
composition of the substance in symbols,* the second, in equivalents 
(H = I) ; the third, in per-cents. With resj)ect to its composition, a 
compound is the better adapted for the quantitative determination of a 
body the less it contains relatively of that body ; since any error or loss 
of substance that may occur in the course of the analytical process will 
exercise the less influence upon the accuracy of the results. Thus, 
ammonio-bichloride of platinum, for instance, is, in this respect, better 
adapted than chloride of ammonium, for the determination of nitrogen ; 
since the former contains only 6 ’295 per cent, while the latter contains 
26‘24 per cent, of the element in question. 

Supjjose we have to analyse a nitrogenous substance ,* — we estimate 
its nitrogen in the form of bichloride of platinum and chloride of 
ammonium. When the process is conducted with absolute accuracy, 
*300 grra. of the analysed body yields 1*000 grm. of ammonio-bichloride 
of platinum : 100 parts of this double chloride contain 6*295 parts of 
nitrogen, 1*000 contains therefore *06295 of that element. These *06295 
have been derived from *300 of substance ; 100 parts of the analysed 
body, consequently, contain 20*983 of nitrogen. 

We now make a second analysis, in which we convert the nitrogen 
of the substance into chloride of ammonium : we again conduct the 
process with absolute accuracy, and obtain from *300 of the substance, 
*2399 of chloride of ammonium, corresponding to *06295 of nitrogen, or 
20*983 per cent. 
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Now, let us assume a loss of 10 milligrammes to have occurred in 
each process : — ^this will alter the result, in the first instance, from 1*000 
to *990 of bichloride of platinum and chloride of ammonium, correspond- 
ing to *06232 of nitrogen, or 20*77 per cent. ; the loss of nitrogen will 
therefore be 20*983 - 20*770 = *213. 

In the second instance the result will be altered from *2399 to *2299 
of chloride of ammonium, corresponding to *0603 of nitrogen, or 20*1 
per cent. The loss in this case will consequently amount to *873. 

We see here that the same error occasions, in the one case, a loss 
of *213 per cent., with respect to the amount of nitrogen ; whilst, in 
the other case, the loss amounts to *873 per cent. 

We will now proceed to enumerate and examine those combinations 
of the several bodies which are best adapted for their quantitative 
determination. The description given of the external form and appear- 
ance of the new compounds relates more particularly to the state in 
which they are obtained in our analyses. With regard to the properties 
of the new compounds, we shall confine ourselves to the enumeration 
of those which bear upon the special object we have more immediately 
in view.’ 

A, — Forms in which the bases are weighed or 

PRECIPITATED. 

BASES OF THE FIRST GROUP. 

§ 68 . 

1. POTASSA. 

The combinations best suited for the weighing of potassa are, sul- 
phate OF potassa, nitrate of potassa, chloride of potassium, 

BICHLORIDE OF PLATINUM AND CHLORIDE OF POTASSIUM (potassio- 
bichloride of platinum). 

a, Sulphute of potassa crystallizes usually in small, hard, straight, 
four-sided prisms, or in double six-sided pyramids ; in the analytical 
process it is obtained as a white crystalline mass. It dissolves with 
some difiiculty in water (1 part requiring 10 parts of water of 12°), it is 
almost absolutely insoluble m pure alcohol, but slightly more soluble in 
alcohol containing sulphuric acid (Expt. No. 0). It does not affect vege- 
table colors : it is unalterable in the air. The crystals decrepitate strongly 
when heated, yielding at the same time a little water, which they hold 
mechanically confined. The decrejutation of crystals that have been 
kept long crying is less marked. At a good red heat the salt fuses 
without volatilizing or decomposing. At a white heat a little of the 
salt volatilizes and also some sulphuric acid, so that the residue pos- 
sesses an alkaline reaction (Al. Mitscherlich,* PoussiNGAULTf). 
When exposed to a red heat, in conjunction with chloride of ammonium, 
sulphate of potassa is partly, and, upon repeated application of the po- 
cess, wholly converted, with effervescence, into chloride of potassium 
(H. Rose). 

COMPOSITION. 

KO . . . . 4713 54*09 

SO, ... . 40*00 45*91 

87*13 100*00 

t Zeitschr. f. anal. Chem. 7, 244. 


Joum. f. pr<ikt. Cbem. 83) 486. 
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Bisulphate of potassa (KO,SOg + HO,SOJ, which is always pro- 
duced when the neutral salt is evaporated to dryness with free sulphuric 
acid, is readily soluble in water, and fusible even at a moderate heat. 
At a red heat, it loses half its sulphuric acid, together with the basic 
water, but not readily — the complete conversion of the acid into the 
neutral salt requiring the long-continued application of an intense red 
heat. However, when heated m an atmosphere of carbonate of am- 
monia — which may be readily procured by repeatedly throwing into 
the faint red-hot crucible containing the bisulphate, small lumps of 
pure carbonate of ammonia, and putting on the lid — the acid salt 
changes readily and quickly to the neutral sulphate. The transforma- 
tion may be considered complete as soon as the salt, which was so 
readily fusible before, is perfectly solid at a faint red heat. 

b. Nitrate of potassa crystallizes generally in long striated prispis. 
In analysis it is obtained as a white crystalline mass ; it is readily soluble 
in water, nearly insoluble in absolute alcohol, and sparingly soluble in 
sj)irit of wine. It does not affect vegetable colors, and is unalterable 
in the air. On being exposed to a gentle heat, far below redness, it 
fuses unaltered and without any diminution of weight; upon the aj»- 
plication of a stronger heat, it changes into nitrite of potassa, with 
evolution of oxygen : and if the heat be increased to very intense 
redness, it becomes converted into caustic potassa, with evolution of 
oxygen and nitrogen. When ignited with chloride of ammonium, or 
in a stream of dry hydrochloric acid, it is readily and completely con- 
verted into chloride of potassium. When repeatedly evaporated with 
oxalic acid in excess, it is completely converted into oxalate of potassa. 
When evajiorated with excess of hydrochloric acid repeatedly (4 to 6 
times), it is completely converted into chloride of })otassium. 

COMPOSITION. 

KO .... 4?-13 4()*r)8 

NO, .... 54*04 58*42 


101*17 100*00 

c. Chloride of potassium crystallizes usually in cubes, often lengthened 
to columns ; rarely in octahedra. In analysis we obtain it either in the 
former shape, or as a crystalline mass. It is readily soluble in water, 
but much less so in dilute hydrochloric acid ; in absolute alcohol it is 
nearly insoluble, and but slightly soluble in sjiirit of wine. It does not 
affect vegetable colors, and is unalterable in the air. When heated, it 
decrepitates, unless it has been kept long* drying, with expulsion of a 
little water mechanically conlined in it. At a moderate red heat, it 
fuses unaltered and without diminution of weight ; when exposed to a 
higher temperature, it volatilizes in white fiimes ; this volatilization pro- 
ceeds the more slowly, the more effectually the access of air is pre- 
vented (Expt. No. 7). When repeatedly evaporated with solution of 
oxalic acid in excess, it is converted into oxalate of potassa. When 
evaporated with excess of nitric acid, it is converted readily and com- 
pletely into nitrate. On ignition with oxalate of ammonia, carbonate 
of potassa and cyanide of potassium are formed in noticeable quan- 
tities. 

QUANT. VOL. I. 


1 
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COMPOSITION. 

K 3913 62*46 

Cl 35*46 47*64 


74*59 100*00 

d. Bichloride of platinum and chloride of potassium (potassio-bichloride 
of platinum) presents either small reddish-yellow octahedra, or a 
lemon-colored powder. It is difficultly soluble in cold, more readily in 
hot water ; nearly insoluble in absolute alcohol, and but sparingly 
soluble in spirit of wine — one part requiring for its solution, respec- 
tively, 12083 parts of absolute alcohol, 3775 parts of spirit of wine of 76 
per cent, and 1053 parts of spirit of wine of 55 per cent. (Expt. 
No. 8, a). Presence of free hydrochloric acid sensibly increases the 
solubility (Expt. No. 8, h). In caustic potassa it dissolves completely 
to a yellow fluid. It is unalteralfle in the air, and at 100°. On 
exposure to an intense red heat, 2 eq. of chlorine escape, metallic 
platinum and chloride of potassium being left ; but even after long- 
continued fusion, there remains always a little potassio-bichloride of 
platinum which resists decomposition. Complete decomposition is 
easily effected, by igniting the double salt in a current of hydrogen 
gas, or with some oxalic acid. 

According to Andrews, the bichloride of platinum and chloride of 
potassium, even though dried at a temperature considerably exceed- 
ing 100°, retains still *0055 of its weight of water. 

COMPOSITION. 

K . . . 30*13 10*03 KCl . . . 74*59 30*56 

Pt . . . 98*59 40*39 PtCl, . . . 109*51 09*44 

Cl, . . . 100*38 43*58 

244*10 100*00 244*10 100*00 

e. Silicofuoride of potassium is obtained on mixing a solution of a 
potassa salt with hydrofluosilicic acid in the form of a translucent iri- 
descent precipitate, which increases and completely separates, when an 
equal volume of strong spirit is added to the fluid. After being filtered 
olt, washed with weak spirit and dried, it is a soft white powder. It is 
difficultly soluble in cold water, far more readily in boiling water, not 
at all or in merest traces soluble in a mixture of water and strong spirit 
in equal parts, but it is decidedly more soluble in the presence of any 
considerable quantity of free acid, especially hydrochloric or sulphuric 
acid. When potassa is added to the boiling aqueous solution of the 
salt the following change takes place: KF,SiF 2 + 2 (HO,KO) = 3 
KF + SiO, + 2 HO, the solution turning from acid to neutral (principle 
of Stolba’s volumetric method of estimating potassa). As soon as it 
ie ignited the salt fuses, gives oflt* fluoride of silicon and leaves fluoride 
of potassium. 

§ 69. 

2. Soda. 

Soda is usually weighed as sulphate of soda, nitrate of soda, 
CHLORIDE OF SODIUM, or CARBONATE OF SODA. It is Separated from 
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potassa in the form of sodio-bichloride of platinum, from other 
bodies occasionally in the form of silicofluoride of sodium. 

a. The anhydrous neutral sulphate of soda is a white powder or a 
white very friable mass. It dissolves readily in water ; but is sparingly 
soluble in absolute alcohol ; presence of free sulphuric acid slightly 
increases its solubility in that menstruum ; it is somewhat more readily 
soluble in spirit of wine (Expt. No. 9). It does not affect vegetable 
colors; upon exposure to moist air, it slowly absorbs water (Expt. 
No. 10). At a gentle heat it is unaltered, at a strong red heat it fuses 
without decomposition or loss of weight. At a white heat it loses 
weight by volatilization of sulphate of soda and also of sulphuric acid. 
(Al. Mitscherlich, Boussingault.) When ignited with chloride 
of ammonium it behaves like sulphate of potassa. 

COMPOSITION. 


NaO 31-04 43-69 

SO, 40-00 56-31 


71-04 100-00 

Bisuljdiate of soda (NaO,S 03 + HO,SOg), which is always produced 
upon the evaporation of a solution of the neutral salt with sulphuric 
acid in excess, fuses even at a gentle heat ; it may be readily converted 
into the neutral salt, in the same manner as the bisulphate of potassa 
(see § 68, a), 

h. Nitrate of soda crystallizes in obtuse rhombohedra. In analysis 
it is generally obtained as an amorphous mass. It dissolves readily in 
water, but is as good as insoluble in absolute alcohol, and but barely 
soluble in sjiirit of wine. It does not affect vegetable colors, and is 
unalterable in the air under common circumstances j but when exposed 
to very moist air, it a))Sorbs water. It fuses without decomposition at 
a temj)erature far below red heat (comp. Expt. No. 11), at a higher 
temperature it undergoes the same decomposition as nitrate of potassa 
(§ 08, h). When ignited with chloride of ammonium or in hydrochloric 
acid gas, and when evaporated with solution of oxalic acid, or aqueous 
hydrochloric acid, it comports itself like the corresponding potassa salt. 
The change with aqueous hydrochloric acid is effected more easily, 
that is, by fewer evaporations, than in the case of nitrate of potash 
(v. Baumhauer*). 

COMPOSITION. 

NaO 31-04 36-48 

NO, 51-04 63-52 

85-08 100-00 

c. CJdoride of sodium crystallizes in cubes, octahedra, and hollow 
four-sided pyramids. In analysis it is frequently obtained as sn 

amorphous mass. It dissolves readily in water, but is much less soluble 

in hydrochloric acid ; it is nearly insoluble in absolute alcohol, and but 
sparingly soluble in spirit of wine; 100 parts of spirit of wine of 
75 per cent, dissolve, at a temperature of 15°, *7 part (Wagner). 

* Journ. f. prakt. Chem. 78, 218. 
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It is neutral to vegetable colors. Exposed to a somewhat moist 
atmosphere, it slowly absorbs water (Expt. No. 12). Crystals of this 
salt that have not been kept drying a considerable time decrepitate 
when heated, yielding a little water, which they hold mechanically 
confined. The salt fuses at a red heat without decomposition ; at a 
white heat, and. in open vessels even at a bright red heat, it volatilizes in 
white fumes (Expt. No. 13). If a carburetted hydrogen flame acts on 
hising chloride of sodium, hydrochloric acid escapes, and some car- 
bonate of soda is formed. On evaporation with oxalic or nitric acid as 
well as by ignition with oxalate of ammonia, it behaves like the cor- 
responding potassa salt. 

COMPOSITION. 

Na 2304 39*38 

• Cl 35*46 60*62 


58*50 100*00 

d. Anhydrous carhmiate of soda is a white powder or a white very 
friable mass. It dissolves readily in water, but much less so in solution 
of ammonia (Makoueritte) ; it is insoluble in alcohol. Its reaction 
is strongly alkaline. Exj)Ose(i to the air, it absorbs water slowly. 
On moderate ignition to incijuent fusion it scarcely loses weight; 
on long ftision, however, it volatilizes to a considerable extent (Comp. 
Expt. 14). 

COMPOSITION. 

NaO 31*04 58*52 

CO, 22*00 41*48 


53*04 100*00 

e. Sodio^Uchlaride of platinvm crystallizes with 6 eq. water (NaCl, 
PtCl, 4- 6 aq.), in light yellow, transparent, prismatic crystals which 
dissolve readily both in water and in spirit of wine. 

f is similar in properties to the correspond- 

ing potassium salt. It has an analogous coiri])Osition, and is decom- 
posed in the same way by alkalies. It is, however, considerably more 
soil! hie in water and in diluted spirit. 

§ 70. 

3. Ammonia. 

Ammonia is most appropriately weighed as chloride of ammo- 
nium, or as BICHLORIDE of platinum and chloride of ammonium 
(ammonio-bichloride of platinum), or as platinum. 

Under certain circumstances, ammonia may also be estimated from 
the volume of the nitrogen gas eliminated from it; and it is fre- 
quently estimated by alkalimetry. 

a. Chloride of ammonium crystallizes in cubes and octahedra, but 
more frequently in feathery crystals. In analysis we obtain it uni- 
formlv as a white mass. It dissolves readily in water, but is difficultly 
soluble in spirit of wine. It does not alter vegetable colors, and re- 
mains unaltered in the air. Solution of chloride of ammonium, when 
evaporated on the water-bath, loses a small quantity of ammonia, and 
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becomes slightly acid. The diminution of weight occasioned by this 
loss of ammonia is verj trifling (Expt. No. 15). At 100° chloride of 
ammonium loses nothing, or very little of its weight (comp, same 
Exi)t.). At a higher temperature it volatilizes readily, and without 
undergoing decomposition. 

COMPOSITION. 

NH, . . 18-04 33-72 NH,. . 17-04 31-85 

Cl . . . 35-46 66-28 HCI . . 36-46 68-15 

53-50 100-00 53-50 10000 

100 parts of chloride of ammonium correspond to 48*67 parts of 
oxide of ammonium. 

b. Bichloride of platinum and chloride of ammonium occurs eithei* as 
a heavy, lemon-colored iiowder, or in small, hard octahedral crystals of 
a bright yellow color. It is difficultly soluble in cold, but more readily 
in hot water. It is very sparingly soluble in absolute alcohol, but more 
readily in spirit of wine — 1 part requiring of absolirte alcohol, 26535 
parts ; of spirit of wine of 76 per cent., 1406 parts ; of spirit of wine of 
55 per cent., 665 parts. The presence of free acid sensibly increases its 
solubility (Expt. No. 16). It remains unaltered in the air, and at 100°. 
It loses a little water between 100 and 125°. Upon ignition chlorine 
and chloride of ammonium escape, leaving the metallic platinum as a 
j)orous mass (spongy platinum). However, if due care be not taken, in 
this process, to ai)ply the heat gradually, the escaping fumes will carry 
off particles of platinum, which will coat the lid of the crucible. For 
properties of metallic platinum, see § 80, a. 


COMPOSITION. 


NH, . 

. 18-04 

8-09 

NH.Cl . 

. 53-50 

23-99 

Pt . 

. 98-59 

44-21 

PtCl. . 

. 169-51 

70-01 

Cl. . 

. 100-38 

47-70 







223-01 

100-00 


323-01 

100-00 




NH. . 

. 17-04 

7-04 

N . . 

. 14-04 

0-295 

Hcr . 

. 30-46 

16-35 

H. . . 

. 4-00 

1-794 

Ptci. . 

. 169-51 

70-01 

Pt . . 

. 98-59 

44-209 




Cl. . . 

. 106-38 

47-702 


223-01 

100-00 








223-01 

100-00 


100 parts of ammonio-bichloride of platinum correspond to 11*677 
parts of oxide of ammonium. 

c. Nitrogen gas is colorless, tasteless, and inodorous ; it mixes with 
air, without producing the slightest coloration ; it does not affect vege- 
table colors. Its specific gravity is *97137 (Regnault). One litre 
weighs at 0°, and *76 metre bar., 1-25617 grm. It is difficultly soluble 
in water, 1 volume of water absorbing, at 0°, and *76 pressure, *02035 
vol. ; at 10°, -01607 vol. ; at 15°, *01478 vol. ot nitrogen gas 
(Bunsen), 
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BASES OF THE SECOND GROUP. 

§71. 

1. Baryta. 

Baryta is weighed as sulphate of baryta, carbonate of 
BARYTA, and silicofluoride of barium. 

a. Artificially prepared sulphate of baryta j)resents the appearance of 
a fine white powder. When recently precipitated, it is difficult to obtain 
a clear filtrate, especially if the precijntation was effected in the cold, 
and the solution contains neither hydrochloric acid nor chloride of 
ammonium. It is as good as insoluble in cold and in hot water. (1 part 
of, the salt requires more than 400,000 parts of water for solution). It 
has a great tendency, upon precipitation, to carry down with it other 
substances contained in the solution from which it separates, more par- 
ticularly nitrate of barj^ta, alkaline nitrates and chlorates, sesquioxide 
of iron, <fec. Several of the impurities, such, for instance, as alkaline 
chlorates, may be removed by igniting the sulphate of baryta, moisten- 
ing with hydrochloric acid, evaporating the latter off and exhausting 
the residue with water j other impurities again, such as alkaline nitrates, 
cannot be removed by this treatment.* Even the precipitate obtained 
from a solution of chloride of barium by means of sulphuric acid in 
excess contains traces of chloride of barium, w^hich it is imjiossible to 
remove, even by washing with boiling water, but which are dissolved 
by nitric acid (Siegle). Cold dilute acids dissolve trilling, yet appre- 
ciable traces of sulphate of baryta; for instance, 1000 parts of nitric 
acid of 1 *032 sp. gr. dissolve *065 parts (Calvert), 1000 parts of hydro- 
chloric acid containing d per cent, dissolve *00 parts.* Cold concen- 
trated acids dissolve considerably more ; thus, 1000 jiarts of nitric acid 
of 1-16? sp, gT. dissolve 2 parts (Calvert). Boiling hydrochloric 
acid also dissolves appreciable traces ; thus 280 c.c. hydrochloric acid 
of 1*02 sp. gr. were found, after a quarter of an hour’s boiling with 
*679 ^m. suljffiate of barytu, to have dissolved of it *048 grm. Acetic 
acid dissolves less sulphate of baryta than the other acids ; thus, 80 c.c. 
acetic acid of 1*02 sp. gr. were found, after a qiiarter of an hour’s boil- 
ing with *4 grm. to have dissolved only *002 grm. (Siegle). Free 
chlorine considerably increases its solubility (0. L. Erdmann). Several 
salts more particularly interfere wdth the precipitation of baryta by 
sulphuric acid. I observed this some time ago with chloride of magne- 
sium, but nitrate of ammonia (Mittentzwey), alkaline nitrates gene- 
rally,*and more particularly alkaline citrates (S filler), possess this pro- 
perty in a high degree. In the last case the precipitate appears on the 
addition of hydrochloric acid. If a fluid contains metaphosphoric acid, 
baryta cannot be completely precipitated out of it by means of sulphuric 
acid; the resulting precipitate too contains phosphoric acid (Scheerer, 
Aube). Sulphate of baryta dissolves in tolerable quantiW in concen- 
trated sulphuric acid, but separates again on dilution, it is as good 
as insoluble in a boiling solution of sulphate of ammonia (1 in 4). Sul- 
phate of baryta remains quite unaltered in the air, at 100^, and even at 

« 

9 . 02 . 


Compare my paper on the Eatimation of Sulphuric Acid, Zeitachr. f. anal. Chem. 
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a red heat. At a strong white heat it loses sulphuric acid (BouSsin- 
oault).* On ighition with charcoal^ or under the influence of reducing 
pases, it is converted comparatively easily, but as a rule only partially, 
into sulphide of barium. On ignition with chloride of ammonium, sul- 
phate of baryta undergoes partial decomposition. It is not aflected, or 
affected but very slightly, by cold solutions of alkaline bicarbonates or 
of carbonate of ammonia ; solutions of the monocarbonates of the fixed 
alkalies when cold have only a slight decomposing action upon it ; but 
when boiling, and upon repeatea application, they effect at last the 
complete decomposition of the salt (H. Rose). By fusion with alkaline 
carbonates, sulphate of baryta is readily decomposed. 

COMPOSITION. 

BaO .... 7G-5 G5*67 

SO, .... 40-0 34*33 


116*5 100*00 

h. Artificially prepared carbonate of baryta presents the appearance of 
a white powder. It dissolves in 1413? parts of cold, and in 15421 parts 
of boiling water (Expt. No. 17). It dissolves far more readily in solutions 
of chloride of ammonium or nitrate of ammonia ; from these solutions 
it is, however, precipitated again, though not completely, by caustic 
ammonia. In water containing free carbonic acid, carbonate of baryta 
dissolves to bicarbonate. In water containing ammonia and carbonate 
of ammonia, it is nearly insoluble, one part requiring about 141000 
j)arts (Expt. No. 18). Its solution in water has a very faint alkaline re- 
action. Alkaline citrates and metaphosiihatos imj>pae the prcci]>itation 
of baryta by carbonate of ammonia. It is unalterable in the air, and 
at a red heat. When exposed to the strongest heat of a blast-furnace, 
it slowly yields up the whole of its carbonic acid ; this expulsion of the 
carbonic acid is promoted by the simultaneous action of aqueous vapor. 
Upon heating it to redness with charcoal, caustic baryta is formed, with 
evolution of carbonic oxide gas. 

COMPOSITION. 

BaO .... 7()-5 77*07 

CO, .... 22*0 22*33 


98*5 100*00 

c. Silwqfluoridc of barivm forms small, hard, and colorless crystals, or 
(more generally) a crystalline powder. It dissolves in 3800 parts of 
cold water; in hot water it is more readily soluble (Expt. No. 10). 
The presence of free hydrochloric acid increases its solubility con- 
siderably (Expt. No. 20). Chloride of ammonium acts also in the 
same way (1 part silicofluoride of barium dissolves in 428 parts of 
saturated, and 580 parts of dilute solution of chloride of ammonium. 
J. W. Mallet). In spirit of wine it is almost insoluble. It is un- 
alterable in the air, and at 100° ; when ignited, it is decomposed into 
fluoride of silicon, which escapes, ana fluoride of barium, which 
remains. 


Zeiteohr. f. aual. Chem. 7, 244. 
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COMPOSITION. 


BaF . 

. 87-6 

62-72 

Ba 

68-5 

49-10 

SiF, 

. 62-0 

37-28 

Si 

14-0 

10-04 




r. 

57-0 

40-86 


139-5 

100-00 


139-5 

100-00 


§ 72. 

2. Strontia. 

Strontia is weighed either as sulphate of strontia, or as car- 
bonate OF strontia. 

%a. Sulphate of strontia, artificially’ prepared, is a white powder, 
sometimes dense and crystalline, sometimes loose and hulky. It 
dissolves in ()805 parts of cold, and 9038 parts of boiling water (Expt. 
ISo. 21). In water containing sulphuric acid, it is still more difficultly 
soluble, requiring from 11000 to 12000 parts (Expt. No. 22). Of cold 
hydrochloric acid of 8‘«1 jier cent., it requires 474 parts ; of cold nitric 
acid of 4*8 per cent., 432 parts ; of cold acetic acid of 15*0 per cent, of 
A, HO, as much as 7843 parts (Expt. No. 23). It dissolves in solutions 
of chloride of potassium and chloride of magnesium in quantity which 
increases with the concentration, also in solutions of chloride of sodium 
and chloride of calcium in greatest quantity when the solutions are of 
medium concentration (A. Virck’*'); it is precipitated from these solu- 
tions by sulj)huric acid. Metapliosphoric acid (Sctieerer, Rube), 
and also alkaline citrates, but not free citric acid (Stiller), impede 
the precipitation of strontia by sulphuric acid. It is as good as in- 
soluble in absolute alcohol, in spirit of wine, and in a boiling solution 
of sulphate of ammonia (1 in 4). It does not alter vegetable colors; 
and remains unaltered in tht^ air, and at a red heat. W hen exposed to 
a most intense red heat, it fuses with loss of a small quantity of 
sulphuric acid (M. iJARMSTvi^it;; all the sulphuric acid will escape on 
very stnjiig ignition continued for a length of time (BoussinuaultI). 
When ignited with charcoal, or under the infiuence of reducing gases, 
it is converted into suljihide of strontium. The solutions of carbonates 
and bicarbonates of potassa, soda, and ammonia decomjiose suljihate of 
strontia completely at the common temperature, even when consider- 
able quantities of alkaline sulphates are present (H. Rose). Boiling 
promotes the decomposition. 

composition. 

SrO . . . . 51-75 56-40 

SO, ... . 40-00 43-00 

91-75 100-00 

h. Carbonate of strontia, artificially prepared, is a white, soft, loose 
powder. It dissolves, at the common temperature, in 18045 parts of 
water (Expt. No. 24) : presence of ammonia diminishes its solubility 
(Expt. No. 25). It dissolves pretty readily in solutions of chloride of 


* Zeitscbr. f. anal. CLem. 1, 473. 


t lb, 6 , 876. 


Ib. 7, 244. 
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ammonium and nitrate of ammonia, but is precipitated ag^in from 
these solutions by ammonia and carbonate of ammonia, and more 
completely than carbonate of baryta under similar circumstances. 
Water impregnated with carbonic acid dissolves it as bicarbonate. Its 
reaction is very feebly alkaline. Alkaline citrates and metaphosphates 
impede the precipitation of strontia by alkaline carbonates. Ignited 
with access of air it is infusible, but when exposed to a most intense 
heat, it fuses and gradually loses its carbonic acid. On ignition with 
charcoal, caustic strontia is formed, with evolution of carbonic oxide 
gas. 

COMPOSITION. 

SrO .... 5175 70*17 

CO, .... 22*00 29*83 

73*75 100*00 

§ 73. 

3. Lime. 

Lime is weighed either as sulphate of lime, carbonate of 
LIME, or caustic lime ; to convert it into the latter forms, it is first 
usually precipitated as oxalate of lime. 

a. Artificially prepared anhydrous svlph/ite of lime is a loose, white 
powder. It dissolves, at the common temperature, in 430 parts, 
at 100°, in 400 parts of water (Poogiale). Presence of hydrochloric 
acid, nitric acid, chloride of ammonium, sulphate of soda, or chloride of 
sodium, increases its solubility. It dissolves with comparative case, 
especially on gentlv warming, in aqueous solution of hyposulphite of 
soda (Diehl), anclalso in a boiling solution of sulj)hate of ammonia (1 
in' 4). The aqueous solution of suljdiate of lime does not alter vege- 
table colors. In alcohol and in spirit of wine of 90 per cent, it is 
almost absolutely insoluble. Exposed to the air, it slowly absorbs 
water. It remains unaltered at a dull red heat. Heated to intense 
bright redness, it fuses, losing weight considerably from loss of sulphuric 
acid (Al. M I tsch ERLICH*). On long ignition at a white heat all the 
sulphuric acid escapes (BoussiNOAULTf). On ignition with charcoal 
or under the influence of reducing gases it is converted into sulphide of 
calcium. Solutions of alkaline carbonates and bicarbonates decompose 
sul})hate of lime more readily still than sul])hate of strontia. 

composition. 

CaO 28 41*18 

SO 40 58*82 

68 100*00 

h. Carbonate of lime artificially produced by the precipitation of a 
lime salt with carbonate of ammonia is at first loose and amorphous, 
but after some time becomes a white, fine, crystalline powder, which 
under the microscope has sometimes the form of calcite, sometimes that 

♦ Journ, f. pi»kt. Chem. fiS, 485. t Zeitschr. f. anal. Chem. 7, 244. 
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of aragonite. It is very slip^htly soluble in water. By protracted boiling 
1 litre of water dissolves *034 grm. according to A. W. Hofmann, or 
•036 grm. according to C. Weltzien ; so one part.'requires 28500 parts 
of water for solution. The solution has a barely perceptible alkaline 
reaction. In water containing ammonia and carbonate of ammonia the 
cryst^lized salt dissolves mucl\ more sparingly (Expt. No. 261, one part 
requiring about 65000 parts ; this solution is not precipitated oy oxalate 
of ammonia. Amorphous carbonate of lime is also much more insoluble 
in water containing ammonia than in pure water (Divers*). Presence 
of chloride of ammonium and of nitrate of ammonia increases the solu- 
bility of carbonate of lime ; but the salt is precij)itated again from these 
solutions by ammonia and carbonate of ammonia, and more com[)letely 
than carbonate of baryta under similar circumstances. Neutral salts of 
potas^ and soda, and also neutral salts of lime and magnesia (Hunt), 
likewise increase its solubility. The precipitation of lime by alkaline 
carbonate is completely prevented or considerably interfered wdth by 
me presence of alkaline citrates (Spiller) or metajdiosphates (Rube). 
^ater impregnated wdth carbonic acid dissolves carbonate of lime as 
bicarbonate. Carbonate of lime remains unaltered in the air, at 100°, 
and even at a low red heat ; but upon the application of a stronger heat, 
with free access of air, it gradually loses its carbonic 
acid. means ot a gas blowpipe-lamp, carbonate of lime (about *5 
grm.), in an open jdatinum crucible, is without difficulty reduced to the 
caustic stote ; attempts to effect complete reduction over a spirit lamp 
with double-draught have, however, failed (Expt. N o. 27). It is decom- 
posed far more readily w’hen ignited with charcoal, giving off* its car- 
bonic acid in the form of carbonic oxide. 


COMPOSITION. 

CaO 28 5600 

CO, 22 4400 

50 10000 

Oxalate of hme, precipitated from hot or concentrated solutions, is a 
fine white powder consisting of infinitely minute indistinct crystals, and 
almost absolutely insoluble in water. If the oxalic acid is held to be 
bibasic, the salt has the formula, 2CaO,C,0, + 2 aq. When preciiu- 
tated from cold, extremely dilute solutions, the salt presents a more 
distinctly crystalline appearance, and consists of a mixture of 2CaO,C O 
^ 2 aq. and 2CaO,C^O^ + 6 aq. (Souchay and Lenssen). Presence 
of free oxalic acid and acetic acid slightly increases the solubility of 
oxalate of lime. The stronger acids (hydrochloric acid, nitric acid) dis- 
solve it readily ; from these solutions it is precipitated again unaltered, 
by alkalies, and also (provided the excess of acid be not too great) by 
alkaline oxalates or acetates added in excess. Oxalate of lime does not 
dissolve in solutions of chloride of potassium, chloride of sodium, 
chloride of ammonium, chloride of barium, chloride of calcium, and 
chloride of strontium, even though these solutions be hot and concen- 
tratedj but, on the other hand, it dissolves readily and in appreciable 
quantities^ in hot solutions of the salts belonging to the magnesia group. 

* Joum, Chem. Soc, 1870, 862. 
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From these solutions it is reprecipitated by an excess of alkaline oxalate 
(SoucHAY and Lenssen). Alkaline citrates (Spiller) and metaphos- 
phates (Rube) impede the precipitation of lime by alkaline oxalates. 
When treated with solutions of many of the heavy metals, with 
solution of chloride of copper, nitrate of silver, &c., oxalate of lime suffers 
decomposition, a soluble salt of lime being formed, and an oxalate of 
the heavy metallic oxide, which separates immediately, or after some 
time (Reynoso). Oxalate of lime is unalterable in the air, and at 100®. 
Dried at the latter temperature, it has invariably the following composi- 
tion (Expt. No. 28, also Sough ay and Lenssen*). 


2CaO . , 

. ... 56 

38-36 

C\0, . . 

, 72 

49-32 

2 aq. . , 

, ... 18 

12-32 


146 

100-00 


At 205° oxalate of lime loses its water, without undergoing decompo- 
sition ; at a somewhat higher temperature, still scarcely reaching dull 
redness, the anhydrous salt is decomposed, without actual separation of 
carbon, into carbonic oxide and carbonate of lime. The powder, which 
was })reviously of snowy whiteness, transiently assumes a gray color in 
the course of this process, even though the oxalate be })erfectly pure. 
Upon continued ap})lication of heat this gray color disappears again. li 
the oxalate of lime is heated in small coherent fragments, such as are 
obtained uj)on drying the precipitated salt on a filter, the commencement 
and])rogress of the decomjjosition can be readily traced by this transient 
appearance of gray. If the j)roce8s of heating be conducted properly, 
the residue will not contain a trace of caustic lime. Hydrated oxalate 
of lime exposed suddenly to a dull red heat, is decomposed with con- 
siderable separation of carbon. By ignition over the gas blowjupe 
oxalate of lime is converted into caustic lime. 

d. Lime obtained by continued strong ignition of the oxalate or car- 
bonate aj)})ears as a white, infusible powder, unalterable by ignition. By 
standing in the air it attracts water and carbonic acid, but not rapidly 
enough to interfere with accurate weighing (Expt. No. 29). Bv treat- 
ment with a little water the hydrate is formed wdth evolution of much 
heat 5 on igniting again the water of hydration is readily and completely 
removed. Pure lime dissolves in dilute hydrochloric acid with evolu- 
tion of heat, but without effervescence. 

§ 74. 

4. Magnesia. 

Magnesia is weighed as sulphate of magnesia, pyrophosphate 
OF MAGNESIA, or PURE MAGNESIA. To convert it into the pyrophos- 
phate, it is precipitated as basic phosphate of ammonia and 
MAGNESIA. 

a. Anhydrous sulphate of magnesia presents the appearance of a white, 
opaque mass. It dissolves readily in water. It is nearly altogether 
insoluble in absolute alcohol, but it is somewhat soluble in spirit of wine. 

It does not alter vegetable colors. Exposed to the air it absorbs 

* AnnaL d. Chem. und Fharm. 100, 922. 
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water rapidly. At a moderate red heat, it remains unaltered ; but when 
heated to intense redness, it underg’oes partial decomposition, losing^ 
part of its acid, after which it is no lonj^rer perfectly soluble in water. 
By means of a gas blowpipe it is tolerably easy to expel the whole of 
tlie sulphuric acid from small quantities of sulphate of magnesia (Expt. 
No. 30). Ignited with chloride of ammonium, sulphate of magnesia is 
not decomposed. 

COMPOSITION. 

MgO 20 33*33 

SO, 40 60*67 


60 100*00 


• ft. Basic phosphate of magnesia and ammonia is a white crystalline 
powder. It dissolves, at the common temperature, in 15203 parts of 
cold water (Expt. No. 31). In water containing ammonia, it is much 
more insoluble. 1000 grm. of a mixture of 3 parts water and 1 part 
ammonia solution, dissolved only a quantity corresponding to *004 grm. 
pyrophosphate (Kissel*) ; the salt was considerably more soluble 
when chloride of ammonium was also present; thus in one of Kissel^s 
experiments a quantity corresponding to *011 grm. pyrophosphate was 
dissolved by 1000 grm. fluid containing 18 grm. chloride of ammonium. 
Presence of excess of sulphate of magnesia diminishes the solubility in 
dilute ammonia, even in the presence of chloride of ammonium, to such 
an extent that the quantity dissolved by 1000 grm. fluid cannot be 
estimated (Kissel); the precipitate, under these circumstances, is 
liable, especiall}^ in the absence of much chloride of ammonium, and 
when the excess of sulphate of magnesia is large, to contain some 
favdrate or basic sulphate of magnesia (Kubel,! Kissel). Phos- 
phate of soda also diminishes (to about the same extent as sulphate 
of magnesia) the solubility of the salt in water containing chloride of 
ammonium and ammonia (W. IIeintzI). It dissolves readily in 
acids, even in acetic acid. Its composition is expressed by the formula, 
2MgO,NH^O,PO, -f 12 aq. 10 eq. of water escape at 100 , the remain- 
ing two together with the ammonia, at a red heat, leaving 2MgO,PO,. 
On the application of a stronger heat the mass passes through a 
state of incandescence, if the salt were pure ; the weight of the residue 
is not affected. The incandescence may not take place at all in the 
presence of small quantities of lime salts, of other magnesia salts, or 
of silicic acid. It is occasioned not by the passage of the jihosphoric 
acid into pyrophosphoric acid, but hy the passage from tlie crys- 
talline to the amorphous condition ^O. Popp§). If phosphate of 
maraesia and ammonia is dissolved in ailute hydrochloric or nitric acid 
and ammonia be then added to the solution, the salt is reprecipitated 
completely, or more correctly, only so much remains in solution as 
corresponds to its ordinary solubility in water containing ammonia and 
ammoniacal salt, 

e. Pyrophosphate of magnesia presents the appearance of a white 
mans, o^n slightly inclining to gray. It is barely soluble in water, 
but readily so in hydrochloric acid, and in nitric acid. It remains 

* ZeitBctir, t anal. Chem. 8, 178. t lb. 8, 128. 

8 Ih. 18, 805. 


X Jh, 9, 16. 
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unaltered in the air, and at a red heat ; at a very intense heat it fuses 
unaltered. Exposed at a white heat to the action of hydrogen, 
SMgOjPOj is formed, while PH„ P and PO^ escape. 3 (2MgO,POj 
= 2 (3MgO,PO,) + PO. (Struve*). It leaves the color of moist 
turmeric-, and of reddened litmus-paper unchanged. If we dissolve 
it in hydrochloric or nitric acid, add water to the solution, boil 
for some time, and then precipitate with ammonia in excess, we 
obtain a precipitate of phosphate of magnesia and ammonia which, 
after ignition, affords less 2MgO,PO^, than was originally employed. 
WEBERf gives the loss as from 1*3 to 2*3 per cent. My own expe- 
riments (No. 32) confirm this statement, and point out the circum- 
stances under which the loss is the least considerable. By long- 
continued fusion with mixed carbonates of potassa and soda, pyro- 
phosphate of magnesia is completely decomposed, the phosphoric acid 
bein^ reconverted into the tribasic state. If, therefore, we treat \he 
fused mass with hydrochloric acid, and then add water and ammonia, 
we re-obtain on igniting the precipitate the whole quantity of the 
salt used. If the solution of pyrophosphate of magnesia in nitric acid 
is evaporated to dryness, a white residue is left ; if this is heated more 
strongly hyponitric acid is liberated, and the residue turns the color of 
cinnamon ; on cooling it is yellowish-white. By heating still more 
strongly to incipient redness, rapid decomposition sets in, more 
hyponitric acid is evolved, and pure white pyrophosphate of magnesia 
is left. Unless the heat is applied with care the evolution of gas may 
be so rapid as to carry away particles of the substance (E. Luck), 

COMPOSITION. 

2MgO .... 40*00 30*04 

PO, .... 71*00 03*00 

111*00 100*00 

d. Pure magnesia is a white, light, loose powder. It dissolves in 
55308 parts of cold, and in the same proportion of boiling water 
(Expt. No. 33). Its aqueous solution has a very slightly alkaline 
reaction. Magnesia dissolves in hydrochloric and in other acids, 
without evolution of gas. Magnesia dissolves readily and in quantity, 
in solutions of neutral ammonia salts, and also in solutions of chloriae 
of potassium and chloride of sodium (Expt. No. 34) and sulphate of 
potassa and sulphate of soda (R. warinqton, Jun.) it is more 
soluble than in water. Exposed to the air, it slowly absorbs carbonic 
acid and water. Magnesia is highly infusible, remaining unaltered at 
a strong red heat, ^and fusing superficially only at the very highest 
temperature. 

composition. 

Mg 12 60*00 

0 8 40*00 

20 100*00 

* Journ. f. prakt. Ohem. 79, S49. t Pogg. Ann. 73, 146. 
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BASES OF THE THIRD GROUP. 

§75. 

1. Alumina. 

Alumina is usually precipitated as hydrate, occasionally as 
BASIC acetate or BASIC formate, and always weighed in the pure 
state. 

a. Hydrate of alumina, recently precipitated from a solution of an 
alumina salt by an alkali is translucent, and when dried at 100° has 
the formula, a 103 , 3 H 0 . The precipitate invariably retains a minute 
proportion of the acid with which the alumina was previously com- 
bined, as well as of the alkali which has served as the precipitant ; it 
is freed with difficulty from these admixtures by repeated wasting. It 
is insoluble in pure water ; but it readily dissolves in soda, potassa, 
and ethylamine (Sonnensciiein) ; it is sparingly soluble in ammonia, 
and insoluble in carbonate of ammonia ; presence of ammoniacal salts 
greatly diminishes its solubility in ammonia (Expt. No. 35). The cor- 
rectness of this statement of mine in the first edition of the present 
work, has been amply confirmed since by Malagitti and Durocher;* 
and also by experiments made by my former assistant, Mr. .1. Fuchs. 
The former chemists state also that, when a solution of alumina is pre- 
cipitated with sulphide of ammonium, the fluid may be filtered off five 
minutes after, without a trace of alumina in it. I^uciis did not find 
this to be the case (Ex])t. No. 30). Hydrate of alumina, recently pre- 
cijutated, dissolves readily in hydrochloric or nitric acid ; but after 
filtration, or after having remained for some time in the fluid from 
which it has been precipitated, it does not dissolve in those acids 
without considerable difficulty, and long digestion. Hydrate of 
alumina shrinks considerably on drying, and then presents tfie appear- 
ance of a hard, translucent, yellowish, or of a white, earthy mass. 
When Ignited, it loses its v.aler, and this loss is frefjuently attended 
with slight decrepitation, and invariably with considerable diminution 
•of bulk. 

Hydrate of alumina precipitated from a solution of alumina in 
potassa or soda by chloride of ammonium is milk-white, denser, easier 
to wash, and much less soluble in ammonia than the variety above 
described. When dried at 100°, it has the formula Al20jj,2H0 (J. 
LowEf). 

h. Alumina, prepared by heating the hydrate to a moderate degree 
of redness, is a loose and soft mass ; but upon the a j>] dication of a very 
intense degree of heat, it concretes into small, hard lumps. At the 
most intense white heat, it fuses to a clear glass. Ignited alumina is 
dissolved by dilute acids with very great difficulty; in fuming 
hydrochloric acid, it dis.solves upon long-continued digestion in a warm 
place, slowly, but completely. It dissolves tolerably easily and quickly 
by first heating with a mixture of 8 parts of concentrated sulphuric 
acid and 3 parts of water, and then adding water (A. MitscherlighJ). 
Ignition in a current of hydrogen gas leaves it unaltered. By fusion 
i/nth bisulphate of potassa, it is rendered soluble in water. Upon 

♦ Ann. de Chim. et d© Phys. 3 Sdr. 17, 421. 
t Zeitschr. f« anal. Cbem. 4, 350. Journ. i. prakt. Cbem. 81, 110. 
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igniting alumina with chloride of ammonium, chloride of aluminium 
escapes; but the process fails to effect complete volatilization of the 
alumina (H. Rose). When alumina is fused at a very high tempera- 
ture, with ten times its quantity of carbonate of soda, aluminate of 
soda is formed, which is soluble in water (R. Richter). Placed upon 
moist red litmus-paper, pure alumina does not change the color to blue. 


COMPOSITION. 

AL . . . . 27-50 53-40 

O3 .... 24-00 46-60 

51-50 100-00 

c. If to the solution of a salt of alumina, carbonate of soda ^or 
carbonate of ammonia be added, till the resulting precipitate only just 
redissolves on stirring, and then acetate of soda or acetate of ammonia 
poured in in abundance and the mixture boiled some time, the alumina 
is precipitated almost completely as basic acetate in the form of 
translucent flocks, so that if the nitrate be boiled with chloride of am- 
monium and ammonia only unweigliable traces of alumina separate. 
If the quantity of acetate 01 soda employed be too small, the precipitate* 
a])j)ears more granular, the filtrate would then contain a larger amount 
of alumina. The preci]>itate cannot be very conveniently filtered and 
washed. In washing it is best to use boiling water, containing a little 
acetate of soda or acetate of ammonia. The precipitate is readily 
soluble in hydrochloric acid. 

d. If, instead of the acetates mentioned in c, the corresponding 
formates be used, a flocculent voluminous'] precipitate of basic formate 
of alumina is obtained, which may be very readily washed (Fr. 
Schulze*). 

§ 76. 

2. Sesquioxide of Chromium. 

Sesquioxide of chromium is usually }>recij)itated as hydrate, and 
always weighed in the ])ure state. 

a. Hydrated sesfjuioaride of chrominniy recently jirecipitated from a green 
solution, is greenish-gray, gelatinous, insoluble in water ; it dissolves 
readily, in the cold, in solutions of jiotassa or soda, to a dark green 
fluid ; it dissolves also in the cold, but rather sparingly, in solution of 
ammonia, to a light violet red fluid. In acids it dissolves readily, 
with a dark green color. Presence of chloride of ammonium exercises 
no influence ujpon the solubility of the hydrate in ammonia. Boiling 
effects the complete separation of the sesquioxide from its solutions in 
potassa, or ammonia (Exjpt. Wo. 37). The dried hydrate is a greenish- 
blue ])owder ; it loses its water of hydration at a gentle red heat. 

1), Sesquioxide of chroinivni, ])roduced by heating the hydrate to dull 
redness, is a dark green ])owder ; u])on the a])plication of a higher 
degree of heat, it assumes a lighter tint, but suffers no diminution of 
weight ; the transition from the darker to the lighter tint is marked by 
a vivid incandescence of the powder. The feebly ignited sesquioxide is 
difficultly soluble in hydrochloric acid, and the strongly ignited 

* Chexu. Centralbl. 1861, 3. 
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sesquioxide is altogether insoluble in that acid. It remains unaltered 
when ignited with chloride of ammonium, or in a current of hydrogen. 
By fiision with carbonate of soda and nitrate of potassa chromate of 
potassa is formed. 

COMPOSITION. 

Cr, • . . . 62*48 68 G2 

0, .... 24-00 31-38 

76-48 100-00 

BASES OF THE FOURTH GROUP. 

§ 77. 

• 1. Oxide op Zinc. 

Zinc is weighed in the form of oxide or sut.phide ; it is jirecipi- 
tated as basic carbonate, or as sulphide. 

a, B(mc carhomte of zinc, recently j)reci])itated, is wliite, tiocculent, 
nearly insoluble in water — (one part requiring 440*00 parts, Exjit. 
jN^o. SS) — but readih' soluble in j)otassa, soda, aninjoiiia, carbonate of 
ammonia, and acids. The solutions in soda or ])Otassa, if concentrated, 
are not altered by boiling ; but if dilute, nearly all the oxide of zinc 
present is thrown down as a white precijiitate. From the solutions in 
ammonia and carbonate of ammonia, esjiecially if they are dilute, oxide 
of zinc likewise separates upon boiling. When a neutral solution of 
zinc is precipitated wdth carbonate of soda or carbonate of potassa, 
carbonic acid is evolved, since the precipitate formed is not ZnO,COj, 
but consists of a compound of hydrated oxide of zinc with carbonate 
of zinc in proportions varying according to the concentra- 
tion of the solution, and to the mode of jirecipitation. Owing 
to the presence and action of this carbonic acid, j>art of the 
oxide of zinc remains in solution ; if filtered cold, therefore, the 
filtrate gives a precifutate with sulphide of ammonium. But if 
the solution is precipitated boiling, and kept at that tem]>erature 
for some time, the precipitation of the zinc is comjilete to the extent 
that the filtrate is not rendered turbid by sulj)hi(le of ammonium ; 
still, if the filtrate, mixed with sulphide of ammonium, be allowed to 
stand at rest for many hours, minute and almost unweighable flakes of 
sulphide of zinc will separate from the fluid. The })recipitate of 
car Donate of zinc, obtained in the manner just described, may be com- 
pletely freed from all admixture of alkali by washing with hot water. 
If ammoniacal salts be present, the precij)itation is not coinjdete till 
every trace of ammonia is expelled. If the solution of a zinc salt is 
mixed with carbonate of jiotassa or soda in excess, the mixture 
evayiorated to dryness, at a gentle heat, and the residue treated with 
cold water, a percejitible proportion of the zinc is obtained in solution 
as double carbonate of zinc and potassa or soda ; but if the mixture is 
evaporated to dryness, at boiling heat, and the residue treated with hot 
water, the whole of the zinc, with the exception of an extremely minute 
proportion, as we have already had occasion to observe, is obtained as 
carbonate of zinc. The dried basic carbonate of zinc is a brilliant, 
white, loose powder ; exposure to a red heat converts it into oxide. 

Oxide of zinCi produced from the carbonate by ignition, is a white 



BASES OF GBOUP IV. 


129 


§ 77.] 

light powder, with a slightly yellow tint When heated, it acquires a 
yellow color, which disappears again on cooling. Upon ignition with 
charcoal, carbonic oxide and zinc fumes escape. By igniting in a rapid 
current of hydrogen, metallic zinc is produced ; whilst by igniting in a 
feeble current of hydrogen, crystallized oxide of zinc is obtained (St. 
Claire Deville). In the latter case, too, a portion of the metal is 
reduced and volatilized. Oxide of zinc is insoluble in water. Placed 
on moist turmeric paper, it does not change the color to brown. In 
acids, oxide of zinc dissolves readily and without evolution of gas. 
Ignited with chloride of ammonium, fused chloride of zinc is produced 
which volatilizes with very great difficulty if the air is excluded : but 
readily and completfdy, with free access of air, and with chloride of 
ammonium fumes. Mixed with a sufficiency of powdered sulphur and 
ignited in a stream of hydrogen, the corresponding amount ol sulphide 
is obtained (H. Hose). 

COMPOSITION. 

Zn . . . . 53 80 26 

0 .... 800 1974 


40-53 10000 

c. Sulphide of recenth" jirecipitated, is a white, loose hydrate. 
The following facts should here be mentioned with regard to its preci- 
pitation.* Colorless sulphide of ammonium precipitates dilute solutions 
of zinc, but only slowl}" ; yellow sulphide of ammonium does not pre- 
cipitate dilute solutions of zinc (1 : 5000) at all. (^hh>nde of ammonium 
favors the precijutation considerably. Free ammonia acts so as to keep 
the precijiitate somewhat longer in suspension, otherwise it exerts no 
injurious intluence. If the conditions which I shall lay down are 
strictly observed oxide of zinc may be precipitated by sulphide of 
ammonium from a solution containing only o* Hydrated sulphide 

of zinc on account of its slimy nature easily stops uji the pores of the 
filter, and cannot therefore be washed without difficulty on a hlter. The 
washing is best performed by using water containing sulphide of ammo- 
nium, and continually diminished quantities of chloride of ammonium 
(at last none) (see Expt. No. 39). The hydrate is insoluble in water, 
in caustic alkalies, alkaline carbonates, and the monosulphnh's of the 
alkali metals. It dissolves readily and completely in hydrochloric and 
in nitric, but only very sparingly in acetic acid. When dried, the 
precipitated sulphide of zinc is a white iiowder ; when air-dried its com- 
position is 3ZnS,!L?HO ; dried at 100 , 2ZnS,HO ; at 150°, 4ZnS,HO 
(A. Sough AY f). On ignition it loses the whole of its water. During 
the latter process some sulphuretted hydrogen escapes, and the residue 
contains some oxide. By roasting in the air, and intense ignition, small 
quantities of sulphide of zinc may be readily converted into the oxide. 
On igniting the dried sulphide of zinc, mixed with powdered sulphur, 
in a stream of hydrogen, the pure anhydrous sulphide is obtained 
(H. Rose). The latter suffers no loss of weight worth mentioning by 
ignition for five minutes over the gas blowpipe ; but if such ignition is 
very protracted the loss of weight becomes considerable (Al. Cl assent). 

* Journ. f. prakt. Chem. 82, 263. f ZeitscLr. f. anal. Chem. 7, 78. 

X Jh. 4. 421. 
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COMPOSITION. 

Zn . . . . 82-53 67*08 

S .... 16-00 82-07 


48*58 100-00 

§ 78. 

2. Protoxide of Manganese. 

Mang-anesc is wei»*hed either as protosesqitioxide, ns sulphide, 
as PHOTOSULPHATE, oi* as PYROPHOSPH ATK. With tlic view of con- 
verting it into tliese forms, it is precipitated as protocarbonate, 

HYDRATED PROTOXIDE, BINOXIDE, Or PHOSPHATE OF MANGANESE AND 
AMMONIA. 

a. Carbonate of viantjanrsc^ recently precipitated, is white, flocculent, 

nearly insoluble in jnire water, hut somewhat more soluble in water 
imjire^nated with carbonic acid. Presence of carbonate of soda or 
potassa does not increase its solubility. Pecentl}’ ])reei]>itated carbonate 
of mang-anese dissolves prett}’ readily in chloride of ammonium : it is 
owing* to this projierty that a solution of mang*anese cannot he com- 
pletely precipitated hy carbonate of potassa or soda, in jiresence of 
chloride of ammonium (or any other ammoniacal salt), until the latter 
is com])letely decomposed. If the precipitate, while still moist, is 
exposed to tlie air, or w-ashed with winter impreg*nated w-ith air, espe- 
cially if It is in contact with carbonated alkah, it slowly assumes a dirty 
hrowni«h-w late color, jiart of it becoming* converted into hydrated proto- 
sesfjuioxide of manganese. Even long-continued w^ashing* w-ill not 
remove the last traces of alkali salt from the jirecipitate. Tlie wash- 
water often comes tlirough turbid. If the filtrate and w’ash- water are 
eva])orated to dryness and the residue is treated with boilings water the 
small traces of carbonate of mang*anese w hich w ere partly dissolved and 
jiHi'tly sii‘i]>ended will rennnu behind in the form of hydrated proto- 
se^cpiioxide. Dried hy jiressure the jirecipitute is w hite, and consists of 
MnO,Ct b ^ 7 dried in a vacuum it consists of 2(Mn( ),C(b) + HO 

(E. Prior*; ; wdien dried with free access of air, the ]>ow*der is of a 
dirty-white color. W’hen strongly heated w ith access of air, this pow- 
der first turns black, and changes suhsecpiently to browm jirotosesqui- 
oxide of mang-anese. However, this conversion takes some time, and 
must never he held to be completed until two weighings, between which 
the jirecipitate has been ignited again with free access of air, give ])er- 
fectly corresponding results. On ignhing the carbonate of manganese, 
mixed w ith powdered sulphur, in a stream of hydrogen, sulphide of 
manganese is obtained (H. Hose). 

b. Hydrated protoxide (f mangaiiesc recently thrown down forms a white, 
ilocculent precipitate, barely soluble in water and alkalies, but soluble 
in chloride of ammonium ; it immediately absorbs oxygen from the air, 
and turns brown, owing to the formation of the hydrated protosesqui- 
oxide. On drying it in the air, a brown powder (hydrated jirotosesqui- 
oxide of manganese) is obtained which, when heated to intense redness, 
with free access of air, is converted into protosesquioxide, and on igni- 
tion with sulphur, in a stream of hydrogen, is converted into sulphide. 

Zeitfichr. f. anal Chem. 8, 428. 
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c. Protosesquioxids of manganese, artificially produced, is a brown 
powder. All the oxides of mang^anese are finally converted into this 
by strong* ignition in the air. Each time it is heated it assumes a darker 
color, but its weight remains unaltered. It is insoluble in water, and 
does not alter vegetable colors. If ignited with chloride of ammonium, 
it is converted into the protochloride. When heated with concentrated 
hydrochloric acid, it dissolves to chloride with evolution of chlorine 
(Mn^O^ + 4HC1 = yMnCl + Cl + 4HO). On ignition with sulphur in 
a stream of hydrogen it is converted into sulphide (H. Rose). On 
ignition in oxygen it is converted into sesquioxide (Schneider). On 
ignition in hydrogen it is converted into protoxide. 

COMPOSITION. 

Mn, 82*50 ?2*05 

O, 82*00 27*95 

114*50 100*00 

d, Bimodde of maotjanese is occasionally produced in analysis by ex- 
posing a concentrated solution of nitrate of protoxide of manganese to 
a gradually increased temjieratiire. At 140° brown flakes separate, at 
155° much nitrous acid is disengaged, and the whole of the manj»anese 
separates as anhydrous binoxide. It is brownish-black, and is deposited 
on the sides of the vessel, with metallic lustre. It is insoluble in weak 
nitric acid, but dissolves to a small amount in hot and concentrated 
nitric acid (Deville). In hydrochloric acid it dissolves with evolution 
of chlorine, in concentrated sulpfniric acid with libeiation of oxygen. 
The binoxide is also sometimes obtained in the hydrated condition in 
an*alytical separations, thus wdien we ])recipitate a solution of protoxide 
w ith hyjjuchlorite of soda, or, after addition of acetate of soda, with 
chlorine in the heat. Idie brownish-black tiocculent precipitate thus 
obtained, contains alkali, from wdiich it cannot be well freed by washing. 

c. Sulphide of maopanese^ prejmred in the wet w ay, generally forms a 
lli'sh -colored precipitate. I must make a few^ remarks with reference 
to it*^ precipitation.* This is efiected but incompletely if w*e add to a 
pure manganese solution only sulphide of ammonium, no matter 
wdiether it be colorless or yellow’, while it is perfectly efiected if chlo- 
ride of ammonium be uj-ed in addition. A large quantity even of 
chloride of ammonium does not imjiede the jirecipitation. Ammonia 
in small quantity is not injurious, but in large quantity it interferes 
with complete precijiitation, es{a»cially in the presence of polysulphide 
of ammonium (A. ClassenI). In all cases we must allows to stand at 
least 24 hours, and with very dilute solutions 48 hours, before filtering. 
Colorless or slightly yellow sulphide of ammonium is the most appro- 
])riate prec.ipitaiit. In the jiresence of chloride of ammonium even a 
large excess of sulphide of ammonium is uninjurious. If the precipita- 
tion is conducted as directed, the manganese can bo precipitated from 
solutions which contain only protoxide. If the flesh- 

colored hydrated sulphide remains some time under the fluid, from 
which it w^as precipitated, it sometimes becomes converted into the 
green anhydrous sulphide. J This conversion is more likely to take 

* Journ. f. prakt. Chem. 82, 265. + Zeilschr. f. anal. Chem. 8, 370. 

t Juurn. f. prakt. Chejii. b2, 208. 

K 2 
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place when a large excess of sulphide of ammonium has been used ; 
neating favours it, chloride of ammonium hinders it. The conversion 
is occasionally rapid. The green sulphide thus obtained consists of 
eight-sided tables distinctly visible under the microscope (F. Muck*). 
In acids (hydrochloric, sulphuric, acetic, &c.) the hydrate dissolves with 
evolution of sulphuretted hydrogen. If the precipitate, while still 
moist, is exposea to the air, or washed with w^ater im]>regnated with 
air, it changes to brown, hydrated protosesqiiioxide of manganese being 
formed, together w ith a small portion of sulphate of jirotoxide of man- 
ganese. Hence in washing the hydrate we always add some sulphide 
of ammonium to the wash-water, and keep the filter as full as possible 
with the same. We guard against the filtrate running through turbid, 
by adding gradually decreasing quantities of chloride of ammonium to 
th^ w^ash-water (at last none). (Expt. No. 40.) On igniting the preci- 
pitate mixed with sulphur in a stream of hydrogen the anhydrous sul- 
phide remains. If we have gently ignited during this process, the 
product is light green ; if we have strongly ignited, it is dark -green to 
black. Neither the green nor the black sulphide attracts oxygen or 
water quickly from the air (II. Rose). The anhydrous sulphide is also 
readily soluble in dilute acids. 

COMPOSITION. 

Mn .... 27*5 03*22 

S .... 10*0 30*78 


43*5 100*00 

f. Anhydrous s^dphate of protoxide of manganese^ produced by exposing 
the crystallized salt to the action of heat, is a white, friable mass, readily 
soluble in w*ater. It resists a very faint red heat ; but upon exposure 
to a more intense red heat, it suner« more or Jess complete decompo- 
sition — oxygen, sulphurous acid, and anhydrous sulphuric acid being 
evolved, and protoscsquioxide of manganese remaining behind. 
Ignited wdth sulphur in a stream of hydrogen it is transformed into 
sulphide (H. Rose). 

COMPOSITION. 

MnO .... 35*50 47*02 

SO, .... 4000 52*08 


75*50 100*00 

g. Phosphate of Trvanganese and ammonia. — GiBBSf says that this pre- 
cipitate is insoluble in boiling water, but I have not found this to be the 
case. ]V^ results are that I part dissolves in 32092 parts of cold water, 
in 20122 parts boiling water, and 17755 parts of water containing of 
chloride of ammonium. It has the formula 2 MnO,NII^O,PO, + 2 aq. 
It presents pale pink scales of pearly lustre, which sometimes turn red- 
disn on the filter. On ignition it is converted into the pyrophosphate 
of manganese. 

h. Pyrophosphate of manganese is the white residue left on the ignition 
of the preceding. 

* ZeiUcLr. f. Cbem. N. F. 6, 6. 


t SiLLiM. Amer. Jouro. (ii.) 41, 216. 
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2MnO .... 35-50 33*33 

PO, .... 71-00 66*67 

106-50 lOQ-00 

§ 79. 

3. Protoxide op Nickel. 

Nickel is precipitated as hydrated protoxide, and as sulphide. 
It is wei«^hed in the form of protoxide, of metallic nickel, or of 
anhydrous protosulphate. 

a. Hydrated protoxide of nieltel forms an apple-green precipitate, 
almost absolutely insoluble in water. When })recipitated from a solution 
of the chloride or suljihate, it retains some of the acid even after long 
washing (Teichmann*). It is also very difficult to remove the last 
traces of alkali. It dissolves with some difficulty in ammonia and car- 
bonate of ammonia, far more readily in the presence of an ammonia salt. 
From these solutions it is completely precipitated by excess of potassa 
or soda ; application of heat promotes the precipitation. It is unalter- 
able in the air ; on ignition, it j)asses into anhydrous protoxide. 

h. Protoxide of nickel is a dirty grayish-green powder. When 
obtained by heating the protonitrate to redness, it always contains some 
peroxide, and requires very strong and protracted ignition for conver- 
sion into the pure green protoxide (W. J. Russell). It is insoluble 
in water, but readily soluble in hydrochloric acid. It does not affect 
vegetable colors. It suffers no variation of weight upon ignition with 
free access of air. Mixed with chloride of ammonium and ignited, it is 
reduced to metallic nickel (H. Rose) \ it is also easily reduced by igni- 
tion in hydrogen or carbonic oxide. 

composition. 

Ni 29*5 78*67 

0 8*0 21-33 


37*5 100*00 

c. Metallic nickel obtained by the reduction of the protoxide with 
hydrogen has the form of a gray powder, or if the heat has been very 
strong, and it has melted, it is lustrous and white like silver. It is 
unaltered in weight by ignition in hydrogen, when ignited in the air 
it is superficially oxidized. It is attracted by the magnet. It is dis- 
solved slowly by hydrochloric acid and dilute sulphuric acid, and readily 
by moderately strong nitric acid. 

d. Anhydrous protomlphate of nickel obtained by evaporating a solution 
of the chloride, nitrate, &c. with sulphuric acid is yellow, . soluble in 
water to a green fluid. The hydrous salt may be rendered anhydrous 
without loss of acid by cautious heating in a platinum dish, but at Jpw 
redness it begins to blacken at the edges and loses acid (F. GAUHEf). 

e. Hydrated sulphide of nickel ^ prepared in the wet way, forms a black 

* Aunal. d. Ghem. u. Pbarm. 156, 17* t Zeitsohr. i, anaL Obem. 4, 190. 
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precipitate, insoluble in water. I roust make some observations on its 
precipitation.* In order to precipitate the nickel from a pure solution 
completely and with ease, chloride of ammonium must be present, it is not 
enough to add sulphide of ammonium alone. A larg*e quantity even of 
chloride of ammonium produces no injurious effect In the presence of 
free ammonia, on th^ contrary, some nickel remains in solution. In this 
case, the supernatant fluid a})pears brown. As precipitant, colorless or 
light-yellow sulphide of ammonium containing no free ammonia should be 
used, a large excess must be avoided. If the directions given are adhered 
to — allowing to stand 48 hours — the nickel may be precipitated by means 
of sulphide of ammonium, from solutions containing only the 

oxide. As the precipitate is liable to take up oxygen from the air, beings 
transformed into sulphate, a little sulphide of ammonium is mixed with 
thcr wash-water, to which also it is advisable to add chloride of ammonium 
(less and less — at last none) ; the filter should be kept full (Expt. No. 41 ). 
Browm filtrates, containing suljdiide of nickel in solution, may be freed 
from the latter by acidulation with acetic acid, and boiling some time. 
The sulphide falls down, and may now be filtered off. It is very sjiaringly 
soluble in concentrated acetic acid, sornevrhat more soluble in hydro- 
chloric acid. It is more readily soluble still in nitric acid, but its best 
solvent is nitrohydrochloric acid. It loses its water upon the application 
of a red heat ,* when ignited in the air, it is transformed into a basic 
compound of protoxide of nickel with sulphuric acid. Mixed wnth 
sulphur and ignited in a stream of hydrogen, a fused mass remains, of 
pale-yellow color and metallic lustre. This consists of Nij^S, but its 
composition is not perfectly constant (F. GAUHEf). If a solution of a 
neutral salt of nickel is heated wdth excess of hyposulphite of soda m a 
sealed tube to the whole of the nickel will be thrown down in the 
course of half an hour as sulphide [NiCl 4- !:3(Na0,S20j) = NiS NaCl + 
NaO,S^OJ. The sulphide thus obtained is black, unalterable in the 
air, can be easily wH>hed, is barely attacked by hydrochloric acid or 
dilute suljihunc acid, and may be converted into jirotosulphate by dis- 
solving in nitric acid, and evaporating the solution with sulphuric acid 
(W. GibbsJ). 

§80. 

4. Protoxide of Cobalt. 

Cobalt is weighed in the pure metallic state, or as proto- 
sulphate. Besides the properties of these substances, we have to 
study also those of the hydrated protoxide, of the sulphide, and 
of the nitrite of sesquioxide of cobalt and potassa. 

a. Hydrated protoxide of cohalt . — Upon precipitating a solution of 
protoxide of cobalt with potassa, a blue precijutate (a basic salt) is 
formed at first, which, upon boiling with potassa in excess, excluded 
from contact of air, changes to light- red hydrate ; if, on the contrary, 
this process is conducted with free access ot air, the precipitate becomes 
discolored, and finally black, part of the hydrated protoxide being 
converted into hydrated sesquioxide. But the hydrate, prepared in this 
way, retains always a certain quantity of the acid, and, even alter the 
most thorough washing with hot water, also a small amount of the 

* Jotun. f. prakt. Cbem. 257. t Zeitacbr. f. anal. Cliem. 4, 19L 

t Jb. 8, 389. 
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alkaline precipitant The latter, however, is not enough to spoil the 
accuracy of the results (H, Rose, F. Gauhe*). Hydrated protoxide 
of cobalt is insoluble in water, and also in dilute potassa ; it is some- 
what soluble in very concentrated potassa, and readdy in ammonia 
salts. When dried in the air, it absorbs oxygen, and ac(juires a 
brownish color. By strong ignition it is converted into jirotoxide 
(even if some protosesquioxide had formed from boiling or drying in 
the air) ; if cooled with exclusion of air, as in a current of carbonic 
acid, pure light-brown protoxide will be left; if cooled, on the contrary, 
with access of air, the protoxide is more or less changed to black 
protosesquioxide (W. J. UussELLf). By ignition in a current of 
hydrogen, metallic cobalt is left, from wliich any traces of alkali mriy 
now be almost completely removed by boiling water. 

h. The metallic cohalt obtained according to a, or by igniting ^he 
chloride or the protosesquioxide (produced by igniting the nitrate) in 
hydrogen is a grayisli-black powder, which is attracted by the magnet, 
and is more difficultly fusible than gold. If the reduction has been 
effected at a faint heat, the finely divided metal burns in the air to 
protosesquioxide of cobalt, winch is not the case if the reduction has 
been effected at an intense heat. Cobalt does not decompose water, 
either at the common tein]jerarure, or upon ebullition — exceiit sulphuric 
acid be jiresent, in which case decomjio.sition will ensue. Heated with 
concentrated sulphuric acid, it forms sulphate of protoxide of cobalt, 
with evolution of sul])liurous acid. In nitric acid it dissolves readily to 
nitrate of protoxide of cobalt. 

c. Sulphide of eobalf, produced in the wet way, forms a black i>re- 
cipitate, insolulde in water, alkalies, and alkaline suljihides. With 
regard to its ])i*ecipitation,I — this is effected Imt slowly and im]>erfectly 
by sulphide of ammonium alone, in the presence of cliloride of ammonium 
however, it takes jilace (juickly and completely. Free ammonia i^ not 
injurious; it is all one, whether colorless or yellow sulphide of ammo- 
nium is employed. If tlie directions given are observed, cobalt may be 
}jreci})itated from a solution containing no more than uVott prot- 

oxide. In the moist condition, exposed to the air, it oxidizes to sul- 
jdiate. In washing it, therefore, water containing sulphide of ammo- 
nium is employed, and the filter is kept full. It is advisable also to 
mix a little chloride of ammonium with the wash-water, but its 
quantity should be gradually decreased, and the last water used must 
contain none. It is but sparingly soluble in acetic acid and in dilute 
mineral acids, more readily in concentrated mineral acids, and most 
readily in warm nitro-hydrochloric acid. Mixed with sulphur and 
ignited in a stream of hydrogen, we obtain a product wdiich varies m 
composition according to the temperature employed. The residue is 
therefore not suited for the determination of cobalt (H. Rose). By 
heating a solution of cobalt Avith excess of In'posulphite of soda in a 
sealed tube at 120^ for one hour, all the cobalt is precijntated as a 
heavy black sulphide, unalterable in the air, easily w’aslied, insoluble in 
dilute hydrochloric and sulphuric acids (W. Gibbs§). It may be con- 
verted into sul]>hate by heating in the air, moistening with nitric acid, 
evaporating with sulphuric acid and igniting. 

* Zeitschr. f. anal. Chero. 4, 64. t Journ. Chem. S'>c. (2) 1, 61- 

^ Jouru. f. prakt. Chem. 82, 262. § Zeiuichr. f. anal. Ckem. 3, 390. 
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d. Sulphate of protoxide of cobalt crystallizes, in combination with 
7 aq., slowly in oblique rhombic prisms of a fine red color. The crystals 
yield the whole of the water, at a moderate heat, and are converted 
into a rose-colored anhydrous salt, which bears the application of a low 
red heat without losing: acid. At a strongrer heat toe edges become 
black and some sulphuric acid escapes (F. Gauhe*). It dissolves 
rather difficultly in cold, but more readily in hot water. 

COMPOSITION. 

CoO . . . . 37-5 48-39 

SO, .... 40-0 51-61 

77-5 100-00 

•e. Nitrite of sesquioxide of cobalt and pofassa. — If a solution of a 
cobalt salt (not too dilute) is mixed with excess of potassa and then 
with acetic acid till the precipitate is redissolved, and a concentrated 
solution of nitrite of ])Otassa previou>h' acidified with acetic acid is 
added, first a dirty-brownish precipitate forms which gradually turns 
yellow and crystalline, especially on the aj>plication of a gentle heat 
(N. W. FiscHEHf). The precipitate dried at 100^ consists of ro..Oj„2NOj, 
4- 3 K0,]\03 + (A. StiiomeyehJ). It is decidedly soluble in water, 

less in acetate of potassa whether neutral or acidified with acetic acid, not 
in acetate of potassa to w hich some nitrite of potassa has been added, 
not in nitrite of potassa, nor in alcohol of 80 per cent. On w’ashing* 
with water or solution of acetate of potassa, unless nitrite of jiotassa is 
added, nitric oxide is constantly evolved in small quantiti(‘s. It is 
decomposed with separation of brown sesquioxide of colialt, with 
difficulty by solution of jiotassa, wuth ease liy soda or baryta. On 
being* moistened with suljihuric acid and ignited (finally with addition 
of carbonate of ammonia) it leaves 2(CoO,SO,) + 3(KO,St)J, but 
there is a difficulty in driving* off all the excess of acid wiriiout de- 
composing the sulphate of cobalt. The yellow^ salt is soluble in 
hydrochloric acid, potassa jirecipitatcs the w*hole of the cobalt from this 
solution as hydrated jirotoxide or protosesquioxide. 

§ 81. 

5. Protoxide of Iron ; and 6. Sesquioxide of Iron. 

Iron is usually w’eighed in the form of sesquioxide, occasionally 
as SULPHIDE. We have to study also the hydrated sesquioxide, 
the SUCCINATE OF THE SESQUIOXIDE, the ACETATE OF THE SES- 
QUIOXIDE, and the formate of the sesquioxide. 

a. Hydrated sesquioxide of iron, recently prepared, is a reddish-brown 
precipitate, insoluble in water, in dilute alkalies, and in ammoniacal 
salts, but readily soluble in acids ; it shrinks very greatly on drying. 
When dry, it presents a browm, hard mass, with shining conchoidal 
fracture. If the precipitant alkali is not used in excess, the precipitate 
contains basic salt ^ on the other hand, if the alkali has been used in 
excess, a portion of it is invariably carried down in combination with 
the sesquioxide of iron, — on which account ammonia alone can properly 

* Zeitochr. f. anal. Chem. 4, 55. f Pogg. Ann. 72, 477. 

f Ann. d. Cbem. u. Fbarm. 96, 21S. 
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be used in analysis for this purpose. Under certain circumstances, for 
instance, by protracted heating of a solution of acetate of sesquioxide of 
iron on the water-bath (which turns the solution from blood-red to 
brick-red, and makes it appear turbid by reflected light), and subse- 
quent addition of some sulphuric acid or salt of an alkali, a reddish- 
brown hydrate is produced, which is insoluble in cold acids, even 
though concentrated, and is not attacked even by boiling nitric acid 
(L. Pean de St. Gilles*). 

Closely allied to the hydrated sesquioxide of iron are the highly 
basic salts obtained by mixing dilute cold solutions of sesquioxide of 
iron, best the sesquichloride, with much chloride of ammonium, 
cautiously adding carbonate of ammonia till the fluid on standing in 
the cold instead of becoming clear turns more turbid if anything, and 
then boiling. The precipitates, thus produced in the fluid which ^ill 
retains its acid reaction, contain the whole of the iron present and play 
an important part in analytical separations. They should be washed 
with boiling water containing chloride of ammonium, being soluble to 
a slight extent in jmre water. They are not suitable for ignition, as 
sesquichloride of iron might occasionally escape from them. 

b. The hydrated sesquioxide of iron is, upon ignition, converted into 

anh^f (irons scsquio.ndi. If the hydrate has been superficially dried 

only, the violent escape of steam from the lumps is likely to occasion 
loss ; but if the hydrate has been dried as much as possible by suction 
and still remains moist, it may be ignited without fear of loss. Pure 
sesquioxide of iron, when ]>iaced upon moist reddened litmus-paper, 
does not change the color to blue. It dissolves slowly in dilute, but 
more rapidly in concentrated hydrochloric acid ; the application of a 
moderate degree of heat effects this solution more readily than boiling. 
With a mixture of 8 ])arts concentrated sulphuric acid and S parts 
water, it behaves in the same manner as alumina. The weight oi the 
sesquioxide does not vary upon ignition in the air ; when ignited with 
chloride of ammonium, sesijuichloride of iron escapes. Ignition with 
charcoal, in a closed vessel, reduces it more or less. Strongly ignited 
with sulphur in a stream of hydrogen, it is transformed into proto- 
sulphide. 

COMPOSITION. 

Fe, .... 56 70*00 

0, .... 24 3000 

80 100-00 

c. Sulphide of iron, produced in the wet way, forms a black precipi- 

tate. The following facts are to be noticed with regard to its precipi- 
tation.! Sulphide of ammonium used alone, whether colorless or 
yellow, precipitates pure neutral solutions of protoxide of iron, but 
slowly and imperfectly. Chloride of ammonium acts very favourably ; 
a large excess even is not attended with inconvenience. Ammonia has 
no injurious action. It is all the same whether the sulphide of am- 
monium be colorless or light yellow. If the directions given are 
observed, iron may be precipitated by means of sulphide of ammonium 
from solutions containing only protoxide. In such a 

t Ih, 82, 268. 


* Joum. f. prakt. Chem. 66, 137. 
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case, however, it is necessary to allow to stand forty-eifTht hours. 
Since the precipitate raj)idly oxidizes in contact with air, sulphide of 
ammonium is to be added to the wash-water, and the filter kept full. It 
is well also to mix a little chloride of ammonium with the wash- water, 
but the quantity should be continually reduced, and the last water used 
should contain none. In mineral acids, even when very dilute, the 
hydrated sulphide dissolves readily. Mixed with sulphur, and stron^tly 
ignited in a stream of hydrogen, anh^’drous protosulphide remains 
(H. Eose). 


COMPOSITION. 


^ 44 ‘ 100 00 

d. 'When a neutral solution of a salt of sesquioxide of iron is mixed 
with a neutral solution of an alkaline succinate, a cinnamon-colored 
precipitate of a brighter or darker tint is formed ; this is succinate of scs~ 
qnioxidc of iron (Fe.^Ojj,CgH^Og). It results from the nature of this pre- 
cipitate, that its formation must set free an equivalent of acid (of succinic 
acid, if the succinate of ammonia is used in excess) ; c.# 7 ., 2(Fe Oj„3SOg) + 
3 (2A H 0,C,H,0,) + 2 HO = 2 (Fe,0„C,H,0,) ; 0 + 

2HO,Cgll^Og. The free succinic acid does not exercise any perceptible 
solvent action upon the precipitate in a cold and highly dilute solution, 
but it redissolves the precipitate a little more readily in a warm solu- 
tion. The precipitate must therefore be filtered cold, if we want to 
guard against re-solution. Formerly the preeijutate was erroneously 
supposed to consist of a neutral salt, decomposable by hot water into 
an insoluble basic and a soluble acid compound. Succinate of sesqui- 
oxide of iron IS insoluble in cold, and but sparingly soluble in hot water. 
It dissolves readily in mineTal acids. Ammonia, especially if warm, 
deprives it of the greater portion of its acid, leaving compounds similar 
to the hydrated sesquioxide of iron, which contain from 18 to 30 
eq. Fe Og for 1 eq. ( Do p ping). 

€, If TO a solution of a salt of sesquioxide of iron carbonate of soda 
be added in the cold, till the fiuid contains no more free acid, and in 
consequence of the formation of basic salt has become deep red, but 
remains still peHectly clear, and then acetate of soda be poured in and 
the mixture boiled, the w hole of the iron will be precipitated as basi/j 
acetate of sesquioxide. The success of this operation depends on the iron 
solution being sufiiciently dilute, the free acid sufficiently neutralized, 
and the acetate of soda in sufficient quantity. The duration of the boil- 
ing is of small importance ; if the projiortions have been properly hit 
one boiling up is enough. It need hardly be mentioned that the iron 
must previously be all converted into sesquioxide. Instead of carbonate 
and acetate of soda the corresponding salts of ammonia may be used. 
The precipitate may usually be filtered off and washed without any iron 

f assing into the filtrate ; sometimes, however, the reverse is the case. 

should recommend not to boil longer than necessary to precipitate, to 
filter hot, and to use boiling wash- water mixed with some acetate of 
soda or of ammonia ^ this gives rise to no inconvenience, since the pre- 
cipitate is usually redissolved in hydrochloric acid, and this solution 
finally precipitated with ammonia. 
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f. Instead of the acetate of soda or ammonia used in <?, the c6rre- 
spondin^ formates may be used. The basic formate of scsquioxide of 
iron here obtained is more easily washed than the basic acetate (F. 
Schulze*). 


BASES OF THE FIFTH GROUP. 

§82. 

1. Oxide of Silver. 

Silver may be weighed in the metallic state, as chloride, sul- 
phide, or CYANIDE. 

a. Metallic sdoer^ obtained by the ignition of salts of silver with 
organic acids, &c., is a loose, white, glittering mass of metallic lustre ; 
but, when obtained by reducing chloride of silver, &c., in the wet wav, 
by zinc, it is a dull gray powder. It fuses at about 1000°. Its weight 
is not altered by moderate ignition. It may, however, be distilled by 
the heat of the oxyhydrogen flame (CHRisTOMANosf). It dissolves 
readily and completely in dilute nitric acid. 

h. Chloride of silver^ recently precipitated, is white and curdy. On 
shaking, the large sjiongy flocks combine with the smaller particles, so 
that the fluid becomes perfectly clear. This result is, however, only 
satisfactorily effected when the flocks have been recently precipitated in 
presence of excess of silver solution (compare G. J. ]V1ulder+). 
Chloride of silver is in a very high degree insoluble in water, and in 
dilute nitric acid ; strong nitric acid, on the contrary, does dissolve a 
trace. Hydrochloric acid, especially if concentrated and boiling, dis- 
solves it very perceptibly. According to Pierre, 1 part of chloride of 
silver requires for solution 200 parts of strong hydrochloric acid and ()00 
parts of a dilute acid, composed of 1 part strong acid and 2 parts water. 
On sufficiently diluting such a solution with cold water the chloride of 
silver falls out so comjdetely that the filtrate is not colored by sulj)hu- 
retted hydrogen. Chloride of silver is insoluble, or very nearly so in 
concentrated sulphuric acid ] in the dilute acid it is as insoluble as in 
water. In a solution of tartaric acid chloride of silver dissolves per- 
ceptibly on warming ; on cooling, however, the solution deposits the 
whole, or, at all events, the greater part of it. Aqueous solutions of 
chlorides (of sodium, potassium, ammonium, calcium, zinc, (fee.) all dis- 
solve ajipreciable quantities of chloride of silver, especially if they are 
hot and concentrated. On sufficient dilution with cold water the dis- 
solved portion separates so completely that the filtrate is not colored by 
sulphuretted hydrogen. The solutions of alkaline and alkaline earthy 
nitrates also dissolve a little chloride of silver. The solubility in the cold 
is trifling ; in the heat, on the contrary, it is very jierceptible. A strong 
solution of nitrate of silver dissolves it slightly, especially in tlie heat ; 
but I have found it insoluble in a moderately dilute cold solution of nitrate 
of lead. The action of salts of mercury upon it is remarkable. When 
well washed and treated with a very dilute solution of chloride of mer- 
cury, it becomes white if previously a little blackened by light, is easily 
diffused in the fluid, and is but tardily deposited. This depends upon the 

* Chem. Centralblatt, 1861, 8. + Zeitsohr. f, anal. Chem. 7, 299. 

t Die Silberprobiriiiethode, translated into German by P, Cbr. Grimm, pp. 19 imd 
811, Leipzig: J. J. Weber. 1869. 
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inercury salt being taken up ; if the silver salt is wnshed the mercury 
salt will be removed. Nitrate of mercury acts in a similar way, but a 
certain quantity of silver passes at the same time into solution. 
Chloride of silver is much more difficultly dissolved by acetate of mer- 
cury than by the nitrate of mercury ; therefore if you have a solution 
of nitrate of mercury containing chloride of silver, if the mercury 
salt is not present in enormous quantity, the silver may be almost 
absolutely thrown down by addition of an alkaline acetate (H. Debray*). 
Solutions of potash and soda decompose chloride of silver, even at the 
ordinary temperature, more readily on boiling ; oxide of silver separates, 
and chloride of the alkali metal is formed. Solution of carbonate of 
soda or of potash decomposes chloride of silver only very imperfectly 
even on boiling ; after long boiling decided traces of chlorine are found 
in/be filtrate. Chloride of silver dissolves readily in aqueous ammonia, 
and also in the solution of c3"anide of potassium and that of hyjiosulphite 
of soda. According to Wallace and LAMONTf 1 part of chloride of 
silver dissolves in 12*88 parts of strong aqueous ammonia of *811 sp. gr. 
Under the influence of light the chloride of silver soon changes to 
violet, finally black, losing chlorine, and passing parti)" into Ag^Cl. 
The change is quite su|>erticial, but the loss of weight resulting is very 
appreciable (Mulder, op . cit . p. 21). If chloride of silver that lias 
become violet or black from the influence of light be treated with 
aqueous ammonia, it dissolves with separation of a very small quantity 
of metallic silver, Ag/ll gives AgCi and Ag (Wittstein). On long^ 
contact (say for 24 hours) with water, esjiecially of chloride of 
silver, although removed from the influence of light, becomes gray, and, 
it appears, decomposed ; the preci])itate is found to contain oxide of 
silver, and the water hydrochloric acid (Mulder). On digestion with 
excess of solution of bromide or iodide of potassium, the chloride of silver 
is completely transformed into bromide or iodide of silver, as the case may 
be (F1ELD4). On drying, (blonde of silver becomes pulverulent ; on 
heating it turns yellow ; at 200^ it fuses to a transparent yellow fluid ; 
at a ver}" high heat it volatilizes without decomposition. On cooling 
after fusion it presents a colorless or pale yellowish mass. Fused in 
chlorine gas, it absorbs some chlorine ; on cooling, this escapes, but 
not completely. If it is to be completely expelled, and, in very delicate 
experiments this must be done, we jiass carbonic acid before allowing to 
cool (Stas§). Ignition with charcoal fails to effect its reduction to the 
metallic state ; but it may be readily so reduced in a current of hydro- 
gen, carburetted hydrogen, or carbonic oxide. 

COMPOSITION. 

Ag 107-98 75*27 

Cl 85*46 24*73 

143*39 100*00 

c. Sulphide of silver j prepared in the wet way, is a black precipitate, 
insoluble in water, dilute acids, alkalies, and alkaline sulphides. It is 
♦ Zeitwjhr. f. Cbem. 13, 848. 

t Cbem. Gaz. 1859, 187. t Quart. Joum. Cbem. Soc. 10, 284. 

I Reoberobes sur ies rapports r^ciproques des poids atomiques, p. 37. Bruxelles, 
1860. Tbe loss of weight wbicb about 100 grin, chloride of silver suffered, by the 
expulsion of tbe absorb^ chlorine, was from 7 to 13 mgrm. 
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unalterable in the air ; after beingf allowed to subside, it is filtered and 
washed with ease, and may be dried at 100° without decomposition. 
It dissolves in concentrated nitric acid, with separation of sulphur. 
Solution of cyanide of potassium dissolves it with difficult^", if it was 
precipitated from a very dilute solution with less difficulty; the 
quantity of cyanide of potassium, too, has great influence on the effect. 
For instance, if cyanide of silver is dissolved in a bare sufficiency of 
cyanide of potassium and sulphuretted hydrogen, or sulphide of 
ammonium is added, sulphide of silver is thrown down ; if, on the 
other hand, a large excess of cyanide of potassium is present, no pre- 
cipitate will be produced. If sulphide of silver is dissolved in a con- 
centrated solution of cyanide of potassium, it will generally separate 
at once on addition of much water (Bechamp*). Ignited in a current 
of hydrogen, it passes readily and completely into the metallic state 
(II. liosE). 

COMPOSITION. 

Ag 107-93 8?-09 

S IGOO 12-91 


123-93 100-00 

d. Cyanide of silver^ recently thrown down, forms a white curdy 

precipitate insoluble in water and dilute nitric acid, soluble in cyanide 
of potassium and also in ammonia ; exposure to light fails to impart 
the slightest tinge of black to it ; it may be dried at 100° without 
decomposition. Upon ignition, it is decom]>osed into cyanogen, which 
escapes, and metallic silver, which remains, mixed with a little para- 
cyanide of silver. By boiling w-ith a mixture of equal parts of sul- 
phuric acid and water, it is, according to Ulassford and JVapier, 
dissolved to sulphate of silver, with liberation of hydrocyanic acid. 

COMPOSITION. 

Ag 107-93 80-56 

.... 26-04 19-44 

133-97 100-00 

§ 83. 

2. Oxide of Lead. 

Lead is weighed as oxide, sulphate, chromate, chloride, 
and SULPHIDE. Besides these compounds, we have also to study the 
CARBONATE and the oxalate. 

a. Neutral carlxmate of lead forms a heavy, white, pulverulent pre- 
cipitate. It is but very slightly soluble in perfectly pure (boiled) 
water, one part requiring 50550 parts (see Expt. No. 42, a); but it 
dissolves somewhat more readily in water containing ammonia and 
ammoniacal salts (comp. Expt. No. 42, h and c), and also in water 
impregnated with carbonic acid. It loses its carbonic acid when 
ignited. 

h. Oxalate qf lead is a white powder, very sparingly soluble in 

* Journ. f. prakt. Cheiu. 60, 64. 
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water. The presence of emmonia salts slig*htlj increases its solubility 
(Expt. No. 43). When heated in close vessels, it leaves suboxide of 
lead; but when heated with access of air, the yellow oxide. 

c, Oa^ide of lendy produced by igniting the carbonate or oxalate, is a 
lemon-yellow powder, inclining sometimes to a reddish-yellow, or to 
a pale yellow. When this yellow oxide of lead is heated, it assumes a 
brownish-red color, without the slightest variation of weight. It fuses 
at an intense red heat. Ignition with cliarcoal reduces it. When 
exposed to a white heat, it rises in vapor. ‘Placed upon moist red 
litmus paper, it changes the color to blue. When exposed to the air, 
it slowly absorbs carbonic acid. Mixed with chloriiie of ammonium 
and ignited, it is converted into chloride of lead. Oxide of lead in a 
state of fusion readily dissolves silicic acid and the earthy bases w'ith 
which the latter may be combined. 

o 

COMPOSITION. 

Pb 103*50 92 83 

0 800 7-1? 


111-50 100-00 

d. Sulphate of lead is a heavy white powder. It dissolves, at the 
common temperature, in 22800 parts of ])ure water (Expt. 44*); it is 
less soluble in water containing sul])huric acid (one ])art reijuiring 
3(5500 parts — Expt. No. 45); it is far more readih soluble in water 
containing ammoniacal salts; from this solution it may be precipitated 
again by adding suljihuric acid in exces^ (Exjit. NO. 4(5). It is almost 
entirely insoluble in alcohol and sjiirit of wine. Of the salts of 
ammonia, the nitrate, acetate, and tartrate are more especially suit(‘d 
to serve as solvents for suljdiate of lead : the two latter salts of 
ammonia are maib* strongly alkaline by addition of ammonia, pre- 
vious to use (WACKE\Roi>i:n), Suljdiate of lead dissolves in con- 
centrated hydrochloric acid, upon hearing. In nitric acid it dissolves 
the more leadily, the more cf'nt entrated and hotti-r tin* acid; water 
falls to precipitate it from its solution in nitric acid ; but the addition 
of a copious dinount of dilute buljihuric acid cause^ it> precijiitation 
from this solution. The more.' nitric acid the soluiion contains, the 
more sulphuric acid is refjuired. It dis.solves sparingly in concen- 
trated sulphuric acid, and the dis.solved jiortion ])reci[utates again ujion 
diluting with w^ater (more cnmjdetely ujion addition of alcohol). A 
moderately concentrated solution of liyposulphite of soda dissolves 
sulphate of lead comjdetely even if cold, more readily if warmed; on 
boiling, the solution becomes black, from sejiaration of a small cjuantity 
of sulphide of lead (J. Lo\vi:f). The solutions of caihunutes and 
bicarbonates of the alkalies convert sulphate of lead, even at the 
common temperature, comjdctely into carbonate of lead. The solu- 
tions of the carbonates, hut not those of the bicarhonates, dissolve some 
oxide of lead in this process (H. KoseJ). ISuljihate of lead dissolves 
readily in hot solutions of pota.ssa or' soda. It is unalterable in the 

* According to G. F. Kodwkll 1 part dissolves in 31696 parts water at 16® (Cbem. 
Newa, 1866, 60). 

f Jouru. f. prakt. Chetn. 74, 348. X Fogg. Annal. 96, 426. 
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air, and at a gentle red heat ; when exposed to a full red heat, it fuses 
without decomposition (Expt. No. 47), provided always reducing gases 
be completely excluded — for, if this is not the case, the weiAit will 
continually diminish, owing to reduction to sulphide (Erdmann*). At 
a white neat the whole of the sulphuric acid gradually escapes. 
(BoussiNQAULTf).^ When it is ignited with charcoal, sulphide^ of 
lead is formed at first ; if the heat be raised, this sulphide reacts on 
undecomp()sed sulphate, metallic lead and sulphurous acid being pro- 
duced. Fusion with cyanide of potassium reduces the whole of the 
lead to the metallic state. Sulphate of lead mixed with sulphur and 
exposed to intense ignition in a current of hydrogen, yields the 
sulphide, but loss can scarcely be avoided, compare y. 

COMPOSITION. 

PbO .... 111*50 73*00 

SO, .... 40*00 26*40 


151-50 100*00 

c. Chlfrride of lead obtained by preci]»itation is a white crystalline 
powder. It separates in needles from a hot solution containing a 
certain quantity of hydrochloric acid; occasionally it presents wedge- 
shaped crystjils, or when separated from a strong hydrochloric solution, 
hexagonal tables. At 17”*7 water disscdves *94() per cent. ; a fluid con- 
taining 15 per cent, of hydnichlonc acid of 1*1()2 sp. gr. dissolves *000 ; 
a flui(l containing 20 ]K*r c(‘nt. acid dissolves *111 percent.; a fluid 
containing HO per cent, acid dissolves 1*40H per cent. Pure hydro- 
chloric acid of the above strength dissolves 2*0()0 per cent. (J. Carter 
Bkli 4). Chloridt* of lead is less soluble in water containing nitric 
acid than in wat(*r (1 jiart requires 1636 jiarts, Bischof). It is 
extremely sparingly soluble in sjurit of wune of 70 to 80 per cent., and 
altogether insoliilile in absolute alcohol. It is unalterable in the air. 
It fuses at a temperature below red heat, without loss of weight. 
When exposed to a higher temjierature, with access of air, it volatilizes 
slowly, being jmrtially deconqiosed : chlorine gas escapes, and a 
mixture of oxide and chloride of lead remains. 

COMPOSITION. 

Pb 103*50 74*48 

Cl 35*46 25*52 


138*06 100*00 

f. Sulphide of lead, prepared in the wet way, is a black precipitate, 
insoluble in water, dilute acids, alkalies, and alkaline suljihides. In 
preeijutating it from a solution containing free hydrochloric acid, it is 
necessary to dilute plentifully, otherwise the precipitation will be 
incomplete. Even if a fluid only contain 2*5 per cent. HCl, the whole 
of the lead will not be precipitated (M. Martin§). It is unalterable 
in the air { it cannot be dried at 100° without decomposition. Accord- 

* Journ. f. prakt. Chem. 62, 881. t Zeitschr. f. anal. Chem. 7, 244. 

t Journ. Chem. Soc. (2) U, 35 J. § Journ. f. prakt. Chem. 6/, 374. 
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ing to H. Rose it increases perceptibly in weight by oxidation ; in the 
case of loDff-protracted drying* even becoming a few per-cents heavier.* 
I have connrmed his statement (see Expt. No. 48). If sulphide of lead 
mixed with sulphur is heated gently in a current of hydrogen, so that 
the lower quarter of the cruciole is red hot, sulphide of lead is left 
without loss of weight. By continuing a gentle heat the weight gra- 
dually diminishes, by strong ignition the loss is rapid. This loss is 
partly owing to volatilization of sulphide of lead, but mainly to esc^e of 
sulphur in the form of sulphuretted hydrogen and formation of Pb^S, 
or even of lead (A. SoucHAYf). It dissolves in concentrated hot 
hydrochloric acid, with evolution of suljihuretted hydrogen. In mode- 
rately strong nitric acid, sulphide of lead dissolves, upon the application 
of heat, with separation of sulphur ; — if tlie acid is rather concen- 
trated, a small jiortion of sulphate of lead is also formed. Fuming 
nitric acid acts energetically upon sulphide of lead, and converts it 
into sulphate without separation of sulphur. 

COMPOSITION. 


Pb 103-50 80*01 

S 10*00 13*39 


119*50 100*00 

g. For the composition and properties of chroTnatc of lead see Chromic 
acid, § 93. 

§84. 

3. Suboxide of Mercury; and 4. Oxide of Mercury. 

Mercury is weighed either in the metallic state, as sub- 
chloride, or as SULPHIDE, or occasionally as oxide. 

a. Metallic merevry is liquid at the common temperature ; it has a 
tin-white color. When pure, it presents a perfectly bright surface. 
It is quite unalterable in the air at the common temperature. It boils 
at 300°. It evaporates, but very slowly, at the ordinary temperature 
of summer. Ujion long-continued boiling with water, a small portion 
of mercury volatilizes, and traces escape along with the aqueous vapor, 
whilst a very minute proportion remains suspended (not dissolved) iii 
the water (comp. Expt. No. 49). This suspended portion of mercury 
subsides completely after long standing. When mercury is })reci- 
pitated from a fluid, in a very minutely divided state, the small globules 
will readily unite to a large one if the mercury be perfectly pure; 
but even the slightest trace of extraneous matter, such as fat, <fec., 
adhering to the mercury will prevent the union of the globules. 
Mercury does not dissolve in hydrochloric acid, even in concentrated ; 
it is barely soluble in dilute cold sulphuric acid, but dissolves readily 
in nitric acid. 

Suifchloride of mercury, prepared in the wet way, is a heavy white 
powder. It is almost absolutely insoluble in cold water; in boiling 
water it is gradually decomjjosed, the water taking up chlorine and 
mercury ; upon continued boiling, the residue acquires a gray color. 
Highly dilute hydrochloric acid fails to dissolve it at the common 
temperature, but dissolves it slowly at a higher temperature; upon 

* Togg. Aunal. ^1, 110 ; aud 110, 134. f ZeiUchr. f. anal. CLem. 4, 68. 
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ebullition, with access of air, the whole of the subchloride is gra’dually 
dissolved : the solution contains chloride of mercury (Hg,Cl HCl + 
O = 2HgCl + HO). When acted upon by boiling concentrated hydro- 
chloric acid, it is rather speedily decomposed into mercury, which 
remains undissolved, and chloride of mercury, which dissolves. Boiling 
nitric acid dissolves it to chloride and nitrate of mercury. Chlorine 
water and nitrohydrochloric acid dissolve it to chloride, even in the 
cold. Solutions of chloride of ammonium, chloride of sodium, and 
chloride of potassium, decompose it into metallic mercury and chloride 
of mercury, which latter dissolves ; in the cold, this decomposition is 
but slight, heat promotes the action. It is soluble in hot solution of 
subnitrate of mercury, and still more in that of nitrate of mercury ; on 
cooling it crystallizes out almost completely (Debray*). It does not 
affect vegetable colors ; it is unalteraole in the air, and may be dried 
at 100^, without loss of weight ; when exposed to a higher degrees! 
heat, though still below redness, it volatilizes completely, without 
previous fusion. 

COMPOSITION. 

Hg, . . . . 200 00 84*94 

Cl .... 35-40 15*06 


235*40 100*00 

c. Sulphide of mercury ^ prepared in the wet way, is a black powder, 
insoluble in water. Dilute hydrochloric acid, and dilute nitric acid fail 
to dissolve it, hot concentrated nitric acid scarcely attacks it, boiling 
hydrochloric acid has no action on it By prolonged heating with red 
fuming nitric acid it is finally converted into a white compound 
2HgS + HgO,]V 05 , " bich is insoluble or barely soluble in nitric acid. 
It dissolves readily in nitrohydrochloric acid. From a solution of 
chloride of mercury, containing much free hydrochloric acid, the whole 
of the metal cannot be precipitated as sulphide by means of sulphuretted 
hydrogen, until the solution is properly diluted. Should such a 
solution be very concentrated, subchloride of mercury and sulphur are 
precipitated (M. Martini). Solution of potassa, even boiling, fails to 
dissolve it. It dissolves in sulphide of potassium, but readily only in 
presence of free alkali. It is insoluble in sulphide of potassium and 
hydrogen and in the corresponding sodium compound, and is therefore 
precipitated from its solution in sulphide of potassium or sodium by 
sulphuretted hydrogen or by sulphide of ammonium and hydrogen 
(C. BarfoedD- {Small but distinctly perceptible traces dissolve on 
cold digestion with yellowish or yellow sulphide of ammonium, but 
after hot digestion it is scarcely possible to detect any traces in 
solution.§ Cyanide of potassium, and sulphite of soda do not dissolve 
it. On account of the solubility of sulphide of mercury in sulphide of 
potassium, it is imj)ossible to precipitate mercury by means of sulphide of 
ammonium completely from solutions containing hydrate or carbonate 
of potassa or soda. Such solutions may occur, for instance, when a 
solution of chloride of mercury contains much chloride of potassium, or 
chloride of sodium, for, in this case, no oxide of mercury would be 

* Compt. Rend. 70, 995. I Journ. f. prakt. Cheni. C7i 376. 

t Zeit4achr. f. anal. Cbeoi. 4, 436. § 46. S, 140. 
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precipitated on the addition of potassa or soda (H. Rose*). In the air 
it is unalterable, even in the moist state, and at 100^. When exposed 
to a higher temperature, it sublimes completely and unaltered. 

COMPOSITION. 

Hg . . . . 100 00 86*21 

S 16*00 13*79 

116*00 100*00 

d. Oxide of mercnry^ prepared in the dry way, is a crystalline brick- 
colored powder, which, when exposed to the action of heat, changes 
to the color of cinnabar, and subsequently to a violet-black tint. It 
b^ars a tolerably strong heat without decomposition ; but when heated 
to incipient redness, it is decomposed into mercury and oxygen \ per- 
fectly pure oxide of mercury leaves no residue upon ignition. Its 
escaping fumes also should not redden litmus-paper. Water takes up 
a trace of oxide of mercur}^ acquiring thereby a very weak alkaline 
reaction. Hydrochloric or nitric acid dissolves it readily. 

COMPOSITION. 

Hg . . . . 100*00 92*59 

0 8*00 7*41 

108*00 100*00 

§ 85. 

5. Oxide of Copper. 

Copper is usually weighed in the metallic state, or in the form 
of oxide, or of subsulphide. Besides these forms, we have to 
examine the sulphide, the suboxide, and the subsulphocvanide. 

fl. Copper j in the pure state, is a metal of a peculiar well-known 
color. It fuses only at a white heat. Exposure to dry air, or to moist 
air, free from carbonic acid, leaves the fused metal unaltered ; but upon 
exposure to moist air impregnated with carbonic acid, it becomes gra- 
dually tarnished and coated with a film, first of a blackish-gray, finally 
of a bluish -green color. Precipitated finely divided copper, in contact 
with water and air, oxidizes far more quickly, especially at an elevated 
temperature. On igniting copper in the air, it oxidizes superficially to 
a varying mixture of oxide ana suboxide. In hydrochloric acid, in the 
cold, it does not dissolve if air be excluded ; in the heat it dissolves 
but slightly if the metal is in a compact state. Finely divided copper 
on the contrary dissolves slowly when heated with strong hydrochloric 
acid, hydrogen being evolved and subchloride of copper being formed 
(WeltzienI)* Copper dissolves readily in nitric acid. In ammonia it 
dissolves slowly if free access is given to the air j but it remains insoluble 
if the air is excluded. Metallic copper brought into contact in a closed 
vessel with solution of chloride of copper in hydrochloric acid, or with 
an ammoniacal solution of oxide of copper, reduces the chloride to sub- 


Pogg. Aunab 110, 141. 


t Add. d. Cliem. u. Fbarm. 180, 109. 
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chloride, or the oxide to suboxide, an equivalent of metal being dis- 
solved for every equivalent of chloride or oxide. 

b. Oxide of copper , — If a dilute, cold, aqueous solution of a salt ot 
oxide of copper is mixed with solution of potassa or soda in excess, a 
light blue precipitate of hydrated oxide of copper (CuO,HO) is formed, 
which it is found difficult to wash. If the precipitate be left in the 
fluid from which it has been precipitated, it will, even at a summer 
heat, gradually change to brownish-black, yielding up the greater 
part of its water of hydration, and passing into 6CuO,HO (Souchay). 
This transformation is immediate upon heating the fluid nearly to 
boiling. The fluid filtered off from the black precipitate is free from 
copper. It follows from this that the black precipitate is insoluble in 
dilute potassa. Concentrated potassa or soda on the contrary dissolves 
the hydrate, and on long warming even the black oxid^ (0. Low*). 
The resulting blue solutions remain clear on boiling, even if mixed w^th 
some water ; but if boiled after being much diluted the whole of the 
copper will separate as black oxide. If a solution of a salt of copper 
contains non-volatile organic substances, the addition of alkali in 
excess will, even upon boiling, fail to precipitate the whole of the 
copper as oxide. The hydrated oxide of copper (6 CuO,HO) pre- 
cipitated with potassa or soda from hot dilute solutions obstinately 
retains a portion of the precijiitant ; it may, however, be completely 
freed from this by washing with boiling water. The precipitated oxide 
after ignition, or the oxide prepared by decomposing the carbonate or 
nitrate by heat, is a brownish-black, or black powder, the weight of 
which remains unaltered even upon strong ignition over the gas- or 
spirit-lamp, provided all reducing gases be excluded (Expt. No. 50). 
If oxide of copper is exposed to a heat approaching the fusing point of 
metallic copper, it fuses, yields oxygen, and becomes Cu^Og (Favre 
and Maumene). It is very readily reduced by ignition with charcoal, 
or under the influence of reducing gases ; heated in the air for a long 
time, the reduced metallic copper re-oxidizes. Mixed with sulphur and 
ignited in a current of hydrogen, towards the end strongly, the oxide 
of copper passes into subsulphide (Cu S — H. Rose). Oxide of copper, 
in contact with the atmosphere, absorbs water; less rapidly after being 
strongly ignited (Expt. No. 51). It is nearly insoluble in water; but 
it dissolves readily in hydrochloric acid, nitric acid, &c. ; less readily in 
ammonia. It does not affect vegetable colors. 


COMPOSITION. 

Cu 31v0 79-85 

0 8-00 20-15 


39-70 100-00 

0 , Sulphide of copper, prepared in the wet way, is a brownish-black, 
or black precipitate, almost absolutely insoluble in water.f When 
exposed to the air in a moist state, it acquires a greenish tint and the 
property of reddening litmus-jiaper, sulphate of copper being formed. 
Hence the sulphide must be washed with water containing sulphuretted 

* Zeitsclir. f. anal. Chem. 9, 468. 

f In some experiments that 1 made when examining the Weilbaoh water, I found 
that about 950000 parts of water are required to dissolve 1 part of CuS. 

L 2 
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hydrogpen. It dissolves readily in boiling nitric acid, with separation 
of sulphur. Hydrochloric acid dissolves it with difficulty. This is the 
reason why sulphuretted hydrogen precipitates copper entirely from 
solutions which contain even a very large amount of free hydrochloric 
acid (Grundmann*). Only when we dissolve a copper salt straight 
in pure hydrochloric acid of 1*1 sp. gr. does any copper remain unpre- 
cipitated (M. Martini). It does not dissolve in solutions of potassa 
and of sulphide of potassium, particularly if these solutions be boiling j 
it dissolves perceptibly in colorless, and much more readily in hot yellow 
eulphide of ammonium. Cyanide of potassium dissolves the freshly pre- 
cipitated sulphide readily and completely. Upon intense ignition in a 
current of hydrogen it is converted into pure Cu^S. 

d. If the blue solution which is obtained upon adding to solution of 
copper tartaric acid and then soda in excess, is mixed with solution of 
gr&pe sugar or sugar of milk, and heat aj)plied, an orange-yellow pre- 
cipitate of hydrated suboxide of copper is formed, which contains the 
whole of the copper originally present in the solution, and after a short 
time, more particularly upon the application of a stronger heat, turns 
red, owing to the conversion of the hydrate into anhydrous suboxide 
(Cu,0). The })recipitate, which is insoluble in water, retains a portion 
of alkali with considerable tenacity. When treated with dilute sul- 
phuric acid, it gives sulphate of copper which dissolves, and metallic 
copper which separates. 

e, Sxibsulphonfanide of copper (Cu.^CyS 2 ) which is always formed when 
sulphocyanide of potassium is added to a solution of copper, mixed 
with sulphurous or h}^ophos})horous acid, is a white precipitate in- 
soluble in water, as w^cll as in dilute hydrochloric or suljdiuric acid. 
Dried at 115®, the salt retains from 1 to 3 per cent, of water, which 
is driven olf only by heating to incijiient decomposition ; it is, therefore, 
not well ada})te<l for direct weighing. When ignited with sulphur, 
with exclusion of air, it changes to Cu^S (RivotI). When heated with 
hydrochloric acid and chlorate of potassa, or with sulphuric acid and 
nitric acid, it is dissolved and suffers decomposition. Solutions of 
potassa and soda separate hydrated suboxide of copjier, with formation 
of sulphocyanide of the alkali metal. 

f. ^uhmlrdnde of copper^ produced by heating CuS in a current of 
hydrogen or GUj^CyS^ with sulphur, is a grayish-black crystalline mass, 
which may be ignited and fused without decomposition if the air is 
excluded. 

COMPOSITION. 

Cu. 63*40 79*85 

S 16 00 2016 

79*40 10000 

§ 86 . 

6. Oxide op Bismuth. 

Bismuth is weighed as oxide, as metal, or as chromate (BiO„ 
2 CrO,). Besides these compounds, we have to study here the basic 

* Jouro. f. prakt. Chem. 73, 241. 


t 76. 67, 875. 


t Ib, 62, 252. - 
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CARBONATE, the BASIC NITRATE, the BASIC CHLORIDE, and the 
SULPHIDE. 

a. Teroaside of bismuth, prepared by igniting the carbonate or 
nitrate, is a pale lemon-yellow powder which, under the influence of 
heat, assumes transiently a dark yellow or reddish-brown color. When 
heated to intense redness, it fuses, without alteration of weight. Igni- 
tion with charcoal, or in a current of carbonic oxide, reduces it to the 
metallic state. Fusion with cyanide of potassium also eflects its com- 
plete reduction (H. Rose*). It is insoluble in water, and does not aflect 
vegetable colors. It dissolves readily in those acids which form soluble 
salts with it. When ignited with chloride of ammonium it gives metallic 
bismuth, the reduction being attended with deflagration. 



COMPOSITION. 


Bi . 

. ... 208 

89*655 

0, . 

. . . . 24 

10*345 


282 

100*000 


b. Metallic bismuth is white, with a reddish tinge, moderately hard, 
brittle, with a tendency to crystallize. It fuses at 264°, and at a low 
white heat volatilizes. It does not oxidize in the air at the ordinary 
temperature, but with the coo])eration of water it oxidizes slowly, more 
speedily on fusion. It dissolves in dilute nitric acid. 

c. Carbonate of bismuth , — Upon adding carbonate of ammonia in excess 
to a solution of bismuth, free from hydrochloric acid, a white precipitate 
of carbonate of bismuth (BiOjjCO.,) is immediately formed ; part of this 
precipitate, however, redissolves in the excess of the precipitant. But 
if the fluid with the precipitate be heated before filtration, the filtrate 
will be free from bismuth. (Carbonate of potassa likewise precipitates 
solutions of bismuth completely ; but the precipitate in this case invari- 
ably contains traces of potassa, which it is very difficult to remove by 
washing. Carbonate ol soda jirecipitates solutions of bismuth less com- 
pletel}".) The })recipitate is easily washed ; it is practically insoluble in 
water, but dissolves readily, with efiPervescence, in hydrochloric and 
nitric acids. Upon ignition it leaves the oxide. 

d. The basic nitrate of bismuth, which is obtained by mixing with 
water a solution of the nitrate containing little or no free acid, presents 
a white, crystalline powder. It cannot be washed with pure cold water 
without suffering a decided alteration. It becomes more basic, while 
the washings show an acid reaction, and contain bismuth. If the basic 
salt, however, be washed with cold water containing of nitrate of 
ammonia, no bismuth passes through the filter. The solution of nitrate 
of ammonia must not be warm. These remarks only apply in the 
absence of free nitric acid (J. LowEf). On ignition the basic nitrate 
passes into the oxide. 

e. Basic chloride of bismuth, formed by adding much water to solution 
of bismuth containing hydrochloric acid or chloride of sodium, is a bril- 
liant white powder (2BiO„BiCl,-f aq.). It is insoluble in water, but 
dissolves in concentrated hydrochloric or nitric acid. Fused with 
cyanide of potassium it gives metallic bismuth. 


* Journ. f. prakt. Cliem. 61, 188. 


t Ih. 74, 841. 
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/. Chromate of bismuth (BiO„2CrOg), which is produced by adding 
bichromate of potassa, slightly in excess^ to a solution of nitrate of bis- 
muth as neutral as possible, is an orange-yellow, dense, readily-subsiding 
precipitate, insoluble in water, even in presence of some free chromic 
acid, but soluble in hydrochloric acid and nitric acid. It may be dried 
at 100®-112® without decomposition (Lowe*). 

COMPOSITION. 

BiO, .... 232*00 69*78 

2CrO, . . . 100*48 30*22 


332*48 100*00 

* g. Sulphide of bismuth^ prepared in the wet way, is a brownish -black, 
or black precipitate, insoluble in water, dilute acids, alkalies, • alkaline 
sulphides, sulphite of soda and cyanide of potassium. In moderately 
concentrated nitric acid it dissolves, especially on warming, to nitrate, 
with separation of sulphur. Hence in precipitating bismuth from a 
nitric acid solution, care should be taken to dilute suiHciently. Hydro- 
chloric acid impedes the precipitation by sulphuretted hydrogen only 
when a very large excess is present, and the fluid is quite concentrated. 
The sulphide does not change in the air. Dried at 100°, it continually 
takes up oxygen and increases slightly in weight ; if the drying is pro- 
tracted this increase may be considerable (Expt. No. 52). Fused with 
cyanide of potassium, it is completely reduced (H. Rose). Reduction 
takes place more slowly by ignition in a current of hydrogen. 

COMPOSITION. 

Bi 208 81*25 

S, 48 18*75 


256 100*00 

§ 87. 

7. Oxide of Cadmium. 

Cadmium is weighed either as oxide or as sulphide. Besides 
these substances, we have to examine carbonate of cadmium. 

a. Oxide of cadmium^ produced by igniting the carbonate or nitrate, 
is a yellowish«brown or reddish-brown powder. The application of a 
white-heat fails to fuse, volatilize, or decompose it ; it is insoluble in 
water, but dissolves readily in acids ; it does not alter vegetable colors. 
Ignition with charcoal, or in a current of hydrogen, carbonic oxide, or 
carburetted hydrogen, reduces it readily, the met^lic cadmium escaping 
in the form of vapor. 

COMPOSITION. 

Cd 56*00 87*50 

O 8*00 12*60 

64*00 100*00 


Joura. f. prakt. Cht»ui. 67, 291. 
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b. Ca/rbomte of eadmium is a white precipitate, insoluble in water and 
the fixed alkaline carbonates, and extremely sparingly soluble in car- 
bonate of ammonia. It loses its water completely upon drying. Igni- 
tion converts it into oxide. 

c. Sulphide of cadmium^ produced in the wet way, is a lemon-yellow 
to orange-yellow precipitate, insoluble in water, dilute acids, alWies, 
alkaline sulphides, sulphite of soda, and cyanide of potassium (Expt. 
No. 63). It dissolves readily in concentrated hydrochloric acid, with 
evolution of sulphuretted hydrogen. In precipitating, therefore, with 
sulphuretted hydrogen, a cadmium solution should not contain too much 
hydrochloric acid, and should be sufficiently diluted. The sulphide dis- 
solves readily in dilute sulphuric acid on heating. It dissolves in mode- 
rately concentrated nitric acid, with separation of sulphur. It may be 
washed, and dried at 100“ or 106°, without decomposition. Even on 
gentle ignition in a current of hydrogen, it volatilizes in apprecia'ble 
amount (H. Rose*), partially unchanged, partially as metallic vapor. 

COMPOSITION. 

Cd 66*00 77*78 

S 16*00 22*22 


72*00 100*00 


METALLIC OXIDES OP THE SIXTH GROUP. 

:§ 88 . 

1. Teroxide OF Gold. 

Gold is always weighed in the metallic state. Besides metallic 
gold, we have to consider the teksulphide. 

a. Metallic gold^ obtained by precipitation, presents a blackish-brown 
powder, destitute of metallic lustre, which it assumes, however, upon 
pressure or friction ; when coherent in a compact mass, it exhibits the 
well-known bright yellow color peculiar to it. It fuses only at a white 
heat, and resists, accordingly, all attempts at fusion over a spirit-lamp. 
It remains wholly unaltered in the air and at a red heat, and is not 
in the slightest degree affected by water, nor by any simple acid. 
Nitrohydrochloric acid dissolves it to terchloride. Hot concentrated 
sulphuric acid containing a little nitric acid dissolves gold, especially if 
in a finely divided condition, to a yellow fluid, from \mich it is thrown 
down again by water (J, SpillerI). 

b. Ter sulphide of gold, — When sulphuretted hydrogen is transmitted 
through a cold dilute solution of terchloride of golo, the whole of the 
gold separates as tersulphide (AuS,), in form of a brownish-black pre- 
cipitate. If this precipitate is left ia the fluid, it is gradually trans- 
formed into metallic gold and free sulphuric acid. Upon transmitting 
sulphuretted hydrogen through a warm solution of terchloride of gold, 
a protosulphide (AuS) precipitates, with formation of sulphuric and 
hydrochloric acids. 

(2AuCl3 + 8HS + 4HO = 2AuS + 6HC1 + HO, SO,.) 

* Fogg. AnnaL 110, 184. f Chem. News, 14, 256, 
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The terenlphide is insoluble in water, hydrochloric acid, and nitric 
acid, but dissolves in nitrohydrochloric acid. The colorless sulphide of 
ammonium fails to dissolve it ; but it dissolves almost entirely in the 
yellow sulphide of ammonium, and completely upon addition of potassa. 
It dissolves in potassa, with separation of gold. Yellow sulphide of 
potassium dissolves it completelv. It dissolves in cyanide of potassium. 
Exposure to a moderate heat reduces it to the metallic state. 


§89. 

2. Binoxide of Platinum. 

Platinum is invariably weighed in the metallic state ; it is 
generally precipitated as bichloride of platinum and chloride 

OF ‘AMMONIUM, OF aS BICHLORIDE OF PLATINUM AND CHLORIDE OF 
POTASSIUM, rarely as bisulphide of platinum. 

a. Metallic platinum^ produced by igniting the bichloride of platinum 
and chloride of ammonium, or the bidiloride of platinum and chloride 
of potassium, presents the appearance of a gray, lustreless, porous mass 
(spongy jdatinum). The fusion of platinum can be effected only at the 
very highest degrees of heat. It remains wholly unaltered in the air, 
and in the most powerful furnaces. Jt is not attacked by water, or 
simple acids, and scarcely by aqueous solutions of the alkalies. Nitro- 
hydrochloric acid dissolves it to bichloride. 

h. The pro{)erties of bichloride of platinum and chloride of potassiumy 
and those oi bichloride of platinum and chloride of ammoniuniy have been 
given already in §§ (58 and 70 respectively. 

c. Bisulphide of jdatinum . — When a concentrated solution of bichloride 
of platiniun is mixed with sulphuretted hydrogen water, or when sul- 
phuretted hydrogen gas is transmitted through a rather dilute solution 
of the bichloride, no precipitate forms at lirst; after standing some 
time, however, the solution turns brown, and finally a precipitate 
subsides. But if the mixture of solution of bichloride of platinum with 
sulphuretted hydrogen in exccsa, is gradually heated (finally to ebulli- 
tion), the whole of the platinum separates as bisulphide (free from 
any admixture of bichloride). The bisulphide of platinum is insoluble 
in water and in simple acids ; but it dissolves in nitrohydrochloric acid. 
It dissolves partly in caustic alkalies, with separation of platinum, and 
completely in alkaline sulphides, especially the polysulphides if used in 
sufficient excess. When sulphuretted hydrogen is transmitted through 
water holding minutely divided bisulphide of platinum in suspension, 
the bisulphide, absorbing sulphuretted hydrogen, acquires a light 
grayish-brown color; the sulphuretted hydrogen thus absorwd, 
separates again upon exposure to the air. When moist bisulphide of 
platinum is exposed to the air, it is gradually decomposed, being con- 
verted into metallic platinum and sulphuric acid. Ignition in me air 
reduces bisulphide of platinum to the metallic state. 


§90. 

3. Teroxide of Antimony. 

Antimony is weighed as tersulphide, as antimonious acid, or 
more rarely m the metallic state. 
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a. Upon transmitting sulphuretted hydrogen through a solution of 
terchloride of antimony mixed with tartaric acid, an orange precipitate 
of amorphous termlphide is obtained, mixed at first with a small portion 
of basic terchloride of antimony. However, if the fluid is thoroughly 
saturated with sulphuretted hydrogen, and a gentle heat applied, the 
terchloride mixed with the precipitate is decomposed, and the pure ter- 
sulphide obtained. Tersulphide of antimony is insoluble in water and 
dilute acids; it dissolves in concentratea hydrochloric acid, with 
evolution of sulphuretted hydrogen. In precipitating with sulphuretted 
hydrogen, therefore, antimony solutions should not contain too much 
free hydrochloric acid, and should be sufficiently diluted. The amor- 
phous tersulphide dissolves readily in dilute potassa, sulphide of ammo- 
nium, and sulphide of potassium, sparingly in ammonia, very slightly in 
carbonate of ammonia, and not at all in bisulphite of potassa. The 
amorphous sulphide, dried in the desiccator at the ordinary tempe- 
rature, loses very little weight at 100®; if kept for sometime at this 
latter temperature its weight remains constant. But it still retains a 
little water, which does not perfectly escape even at 190°, but at 200° 
the sulphide becomes anhydrous, turning black and crystalline (H. Rose* 
and Expt. No. 54). Ignited gently in a stream of carbonic acid, the 
weight of this anhydrous sulphide remains constant ; at a stronger 
heat a small amount volatilizes. The amorphous sulphide, if long 
exposed to the action of air, in presence of water, slowly takes up 
oxygen, so that on treatment with tartaric acid it yields a titrate con- 
taining teroxide. 

The pentasulphide of antimony is insoluble in water, also in water 
containing sulphuretted hydrogen. It dissolves completely in ammonia, 
especially on warming ; traces only dissolve in carbonate of ammonia. 
On heating the dried pentasulphide in a current of carbonic acid 2 eq. 
sulphur escape, black crystalline tersulphide remaining. 

On treating the ter- or pentasulphide with fuming nitric acid 
violent oxidation sets in. We obtain first antimonic acid and pulveru- 
lent sulphur; on evaporating to dryness antimonic acid and sulphuric 
acid ; and lastly on igniting antimonious acid. . The same (antimonious 
acid) is obtained by igniting the sulphide with 30 to 50 times its 

amount of oxide of mercury (BuNSENf). Ignition in a current of 

hydrogen converts the sulphides of antimony into the metallic state. 

COMPOSITION. 

Sb . . . . 122*00 71*77 

S, . . . . 48*00 28*23 


170*00 100*00 

ft. Antimonums acid is a white powder, which, when heated, acquires 
transiently a yellow tint; it is infusible ; it is fixed, provided reducing 

g ases be excluded. It is almost insoluble in water, and dissolves in 
ydrochloric acid with very great difficulty. It undergoes no alteration 
on treatment with sulphide of ammonium. It manifests an acid reaction 
when placed upon moist litmus-paper. 

* Journ. f. prakt. Chem. 69, 8S1. 


t Ansal. d. Chem, u. Pharm. 106, 8. 
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COMPOSITION. 


Sb 122*0 79-22 

0 32-0 20-78 


164-0 100-00 

e. Metallic antimony^ produced in the wet way, by precipitation, 
presents a lustreless black powder. It may be dried at 100° without 
alteration. It fuses at a moderate red beat. Upon ignition in a 
current of gas, hydrogen, it volatilizes, without formation of anti- 

monetted hydrogen. Hydrochloric acid has very little action on it, 
even when concentrated and boiling. Nitric acid converts it into 
t^roxide of antimony, mixed with more or less antimonious acid, ac- 
cording to the concentration of the nitric acid. 


§ 91. 

4. Protoxide of Tin; and 6. Binoxide of Tin. 

Tin is generally weighed in the form of binoxide; besides the 
binoxide, we have to examine protosulphide and bisulphide of 
tin. 

a, Binoxide of tin , — The hydrate of the binoxide h Qiydrated metastannic 
acid) is obtained in the form of a white precipitate, by the action of 
nitric acid upon metallic tin, or by evaporating a solution of tin with 
nitric acid in excess. This precipitate is insoluble in water and but 
very slightly in nitric acid and dilute sulphuric acid. By heating with 
hydrochloric acid, metachloride of tin is formed which is insoluble in 
hydrochloric acid, but soluble in water after the expulsion of the excess 
of acid. It reddens litmus, even when thoroughly washed. But if we 
precipitate solution of bichloride of tin with an alkali, or with sulphate 
of soda, or nitrate of ammonia, wc obtain the hydrate of the binoxide «, 
which dissolves readily in hydrochloric acid. If soda is added in 
excess to metachloride of tin solution, metastannate of soda is separated, 
which is insoluble in soda and weak spirit ; but if soda is added to 
ordinary chloride of tin, the precipitate dissolves in excess and does not 
separate again even on addition of a large quantity of soda (C. F. 
Barfoed^. Upon intense ignition, both hydrates are converted into 
the anhydrous binoxide of tin. Mere heating to redness is not sufficient 
to expel all the water (DuMAsf). 

Binoxide of tin is a straw-colored powder, which under the influence 
of heat, transiently assumes a different tint, varying from bright yellow 
to brown. It is insoluble in w’ater and acids, and does not alter the 
color of litmus-paper. Mixed with chloride of ammonium in excess, 
and ignited, it volatilizes completely as bichloride. If binoxide of tin 
is ffised with cyanide of potassium, all the tin is obtained in form of 
metallic globules, which may be completely, and without the least loss 
of metal, freed from the adhering slag, by extracting with dilute spirit 
of wine and rapidly decanting the fluid from the tin globules (H. 
BoseI). 

* Zeit(schr. f. ana!. Ghem. 7, 260. 

t Annak d. Cfheai. u. Fharm. 106, 104. % Joum. f. prakt. Obem. 61, 189. 
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COMPOSITION. 

Sn 59 78-67 

0 16 21-33 


76 10000 

h. Hydrated protosulphide of tin forms a brown precipitate, insoluble 
in water, sulphuretted hydrogen water, and dilute acids. In precipi- 
tating- tin from solutions of the protoxide by means of sulphuretted 
hydrogen, free hydrochloric acid must not be present in too large 
amount, and the solution must be diluted sufficiently. Ammonia fails 
to dissolve it ; but it dissolves pretty readily (as bisulphide) in the 
yellow sulphide of ammonium, and in the yellow sulphide of potassium^ 
it dissolves readily in hot concentrated hydrochloric acid. Heated, 
with exclusion of air, it loses its water, and is rendered anhydrous ; 
when exposed to the continued action of a gentle heat, with free access 
of air, it is converted into sulphurous acid, which escapes, and binoxide 
of tin, which remains. 

c. Hydrated bisulphide of tin precipitated by acids from the solution of 
its alkaline sulphosalts is a light- 3 ’^ellow precipitate. In washing with 
pure water, it is inclined to yield a turbid filtrate and to stop up the 
pores of the filter ; this annoyance is got over by washing with water 
containing chloride of sodium, acetate of ammonia, or the like 
(Bunsen).- On dr^dng, the precipitate assumes a darker tint. It is 
insoluble in water ; it dissolves witli difficulty in ammonia, but readily 
in potassa, alkaline sulphides, and hot concentrated hydrochloric acid. 
It is insoluble in bisulphite of potassa. In precipitating tin from 
solutions of the binoxide by sulphuretted hydrogen, the solution should 
not contain too much free hydrochloric acid, and should be sufficiently 
diluted. According to C. F. Barfoed* the precipitates thus produced 
are not pure h^^drated bisulphide, but a mixture of this with hydrated 
stannic or metastannic acid, as the case may be. The precipitate thrown 
down from ordinary chloride of tin keeps its yellow color even after 
long standing in the fluid and dissolves completely in excess of soda ; 
that thrown down from the metachloride is first white and becomes 
gradually yellow, it turns brown on standing in the fluid and dissolves 
in excess of soda, leaving, however, a considerable residue of metastan- 
nate of soda. When heated, with exclusion of air, tbe sulphide loses 
its water of hydration, and, at the same time, according to the degree 
of heat, one-half, or a whole equivalent of sulphur, becoming converted 
either into sesquisulphide, or into protosulphide of tin ; when heated 
very slowly, with free access of air. it is converted into binoxide of tin, 
with disengagement of sulphurous acid. 

§ 92. 

6. Arsenious Acid ; and 7. Arsenic Acid. 

Arsenic is weighed either as arseniate of lead, as tersul- 

PHIDE, as ARSENIATE OF MAGNESIA AND AMMONIA, aS ARSENIATE 
OF MAGNESIA, aS ARSENIATE OP URANIUM, Or aS BASIC ARSENIATE 


* Zeitscbr. f. anal Ohem. 7, 261. 
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OP SESQUioxiBE OP IRON ; besides these forms, we have here to exa- 
mine also ARSENIO-MOLYBDATE OF AMMONIA. 

a, Arseniate of lead^ in the pure state, is a white powder, which 
agglutinates when exposed to a gentle red heat, at the same time tran- 
sitorily acquiring a yellow tint; it fuses when exposed to a higher 
degree of neat. When strongly ignited, it suffers a slight diminution 
of weight, losing a small proportion of arsenic acid, which escapes as 
arsenious acid and oxygen. In analysis we have never occasion to 
operate upon the pure "arseniate of lead, but upon a mixture of it with 
oxide of lead. 

b. Tersulphide of arsenic forms a precipitate of a rich yellow color ; it 
is insoluble in water,* and also in sulphuretted hydrogen water. When 
boiled with water, or left for several days in contact with that fluid, it 
undergoes a very trifling decomposition : a trace of arsenious acid dis- 
solves in the water, and a minute pro})ortion of sulphuretted hydrogen 
is disengaged. This does not in the least interfere, however, with the 
washing of the precipitate. The precipitate may be dried at 100®, with- 
out decomposition ; the w hole of the water which it contains is expelled 
at that temperature. When exposed to a stronger heat, it transitorily 
assumes a brownish -red color, fuses, and finally rises in vapor, without 
decomposition. It dissolves readily in alkalies, alkaline carbonates, 
alkaline sulphides, bisuljihite of potassa, and nitrohydrochloric acid ; 
but it is scarcely soluble in boiling concentrated hydrochloric acid. 
Red fuming nitric acid converts it into arsenic acid and sulphuric acid. 
It is insoluble in sulphide of carbon. 

COMPOSITION. 


As 75 60*98 

tS 48 39*02 


123 100*00 

c. Arseniate of moffnesia and ammonia forms a white, somewhat trans- 
parent, finely crystalline precipitate, which when dried in a desiccator 
has the formula 2MgO,]N'H/I,AsO^+ 12 aq. At 100®, it loses 11 eq. 
water ; the formula of the precipitate dried at that temperature is 
accordingly 2MgO.]VHp,AsOg + aq. At a higher temperature, say 
105° — 110°, more water escapes, and at 130° this loss is considerable 
(PuLLERf). Upon ignition it loses its water and ammonia, and changes 
to 2Mg0,A80,. On rapid ignition the escaping ammonia has a re- 
ducing action on the arsenic acid, and a notable loss is occasioned (11. 
Rose) ; by raising the heat very gradually reduction may be avoiaed 
(H. Rose, Wittstein,! Puller), or by passing a current of dry 
oxygen during the ignition. Arseniate of magnesia and ammonia dis- 
solves very sparingly in water, one part of the salt dried at 100°, 
reouiring 2656, one part of the anhydrous salt, 2788 parts of water of 
15 ^ It is far less soluble in ammoniated water, one part of the salt 

^ In some experiments which I had occasion to make, in the course of an analysis 
of the springs of Weilbach (Chemische Untersuchung der wichtigsten Nassauisohen 
Minentlwasser von Dr. Fresenius, V. Hchwefelquelle zu Weilbach. Wiesbaden, 
Kreidel und Niedner. 1856), 1 found that one part of AsSs dissolves in about 1 mil- 
lion parts of water. 

f Zeitscbr. f. anal. Cbem. 10, 62. 


t Ib. 2, 19. 
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dried at 100® requiring 16038, one part of the anhydrous salt, 16786 
parts of a mixture of one part of solution of ammonia (-96 sp. gr.), and 
3 parts of water at 16°. In water containing chloride of ammonium, 
it is much more readily soluble, one part of tne anhydrous salt requir- 
ing 886 parts of a solution of one part of chloride of ammonium in 7 
parts of water. Presence of ammonia diminishes the solvent capacity 
of the chloride of ammonium ; one part of the anhydrous salt requires 
3014 parts of a mixture of 60 parts of water, 10 of solution of ammonia 
(•96 sp. gr.) and one of chloride of ammonium.* A solution of chloride 
of ammonium, ammonia and sulphate of magnesia dissolves much less 
of the salt than ammoniated water ; thus, Puller (loc. cit.) found that 
one part of the anhydrous salt dissolved in 32827 parts of a fluid con- 
taining of magnesia mixture (p. 98). Excess of alkaline arseniate 
still more diminishes the solubility of the salt in water containing am- 
monia and chloride of ammonium (Puller). « 

COMPOSITION OF THE ARSENIATE OF MAGNESIA AND AMMONIA 


2MffO 

DRIED AT 100°. 

.... 40-00 

21-05 

NH.O . 

.... 26-04 

13-68 

AsO. . 

.... 115-00 

60-50 

HO . 

.... 9-00 

4-74 


190-04 

100-00 


d. Arseniate of magnt^sia^ obtained by careful ignition of the preceding 
salt, is white, infusible by ignition in a porcelain crucible even over the 
blowpipe, but agglutinating at a blill higher temperature, and finally 
fusing. After ignition in a porcelain crucible it dissolves readily in 
hydrochloric acid, ammonia precipitates the arseniate of ammonia and 
magnesia from the solution in a crystalline form. 

COMPOSITION. 

2MgO .... 40 25-81 

Asa 115 74-19 

156 . 100-00 

e, Arsenmte of vranivm ,, — If a solution of arsenic acid is mixed with 
potash in slight excess, then with acetic acid to strongly acid reaction, 
and finally with acetate of uranium, the whole of the arsenic is thrown 
down as 2 Urjj 03 ,H 0 ,As 05 + 8 aq. In the presence of salts of ammonia 
the precipitate also contains the whole of the arsenic, and consists of 
2UrjO„NH^O,AsOj + aq. Both precipitates are pale yellowish-CTeen, 
slimy, insoluble in water, acetic acid and saline solutions, such as chloride 
of ammonium, soluble in mineral acids. Boiling favors the separation 
of the precipitate, addition of a few drops of chloroform will help it to 
settle, the washing is to be effected by boiling up and decanting. Both 
precipitates give 2Ur20,,As0, on ignition. The latter is a light 
yellow residue j if it has turned greenish from the action of reducing 

* Zeitsohr. f. anal. Chem. 8, 206. Puller obtained almost the same numbers 
(/A 10, 63). 
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gases, it may be restored to its proper color by moistening with nitric 
acid and re-igniting. On igniting the arseniate of ammonia and mag- 
nesia, the ammonia must first be expelled by cautious heating, or a 
current of oxygen must be passed during the ignition, otherwise the 
arsenic acid will be partially reduced, and arsenic will be lost 
(Puller*). 

COMPOSITION. 

2UrA .... 285*6 71*29 

AsO. 115*0 28*71 

400*6 100*00 

f, Arseniate of sesquioxide of iron . — ^The white slimy precipitate, pro- 
duced by the action of ordinary arseniate of soda upon solution of sesqui- 
chloride of iron, has the composition 2Fe20g,3ti0,3As0j + 9aq. It 
dissolves in mineral acids, but is only soluble in arsenic acid when the 
solution is cold and very concentrated. By diluting or heating such a 
solution, a precipitate of arseniate of iron falls ; in the latter case, the 
precipitate does not redissolve on cooling (LuNGEf). It dissolves in 
solution of ammonia with a yellow color. Besides this compound, there 
exists still several others, with larger proportions of sesquioxide of 
iron ; thus we have Fe^OgjAsO^, which falls down + 6 aq. upon the 
precipitation of arsenic acid with acetate of sesquioxide of iron (Kot- 
schoubey) ; 2FejOj,AsOg, which is obtained + 12 aq., when basic arse- 
niate of protoxide of iron is oxidized with nitric acid, and ammonia 
added ; — 16FegOg,AsOg, which forms + 24 aq. upon boiling the less basic 
compounds with solution of potassa in excess (Berzelius). The two 
latter compounds are not soluble in ammonia ; the last is quite like 
hydrated sesquioxide of iron. In Berthier’s method of estimating 
arsenic acid, we obtain mixtures of these different salts. They are the 
better adapted for the j»urpo8e, the more basic they are ; being the 
more insoluble in ammonia, and at the same time more easily washed. 
Upon ignition the water alone is expelled, provided the heat be very 

C dually increased. But if the salt is suddenly exposed to a strong 
t, before the adhering ammonia has escaped, part of the arsenic acid 
is thereby reduced to arsenious acid (H. Rose). 

g. Arsenio-molyhdate of ammonia. — If a fluid containing arsenic acid 
is mixed with excess of the nitric acid solution of molybdate of am- 
monia, the fluid remains clear in the cold, but on heating a yellow 
precipitate of arsenio-molybdate of ammonia separates. This precipi- 
tate comports itself with solvents like the analogous compound of 
phosphonc acid ; it is, like the latter, insoluble in water, nitric acid, 
dilute sulphuric acid and salts, provided an excess of solution of molyb- 
date of ammonia, mixed with acid in moderate excess, be present. 
Hydrochloric acid or metallic chlorides, when present in large quantity, 
interfere with the thoroughness of the precipitation. S^BLiasouNt 
found it to be composed of 87*606 per cent, of molybdic acid, 6*308 
arsenic acid, 4*268 ammonia, and l*7o8 water, 

* Zaitschr. f. anal. Cbem 10, 72. 

t Journ. f. prakt. Cbem. 67, 481. 


t Jb. 6, 186. 
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B. — Forms in which the acids are weighed or precipitated. 

ACIDS OF THE FIRST GROUP. 

§93. 

1. Arsen lous Acid and Arsenic Acid. — See § 92. 

2. Chromic Acid. 

Chromic acid is weighed either as sesquioxide, or as chromate 
OF LEAD, or chromate OF BARYTA. We havo also to consider the 
subchromate of mercury. 

Sesquioxide of chromium, — See § 76. 

h. Chromate of lead obtained by precipitation forms a bright yellow 
precipitate, insoluble in water and acetic acid, barely soluble in dilute 
nitric acid, readily in solution of potassa. When chromate of lead •is 
boiled with concentrated hydrochloric acid, it is readily decomposed, 
chloride of lead and sesquichloride of chromium being formed. 
Addition of alcohol tends to promote this decomposition. Chromate 
of lead is unalterable in the air ; it dries thoroughly at 100°. Under 
the influence of heat it transitorily acquires a reddish-brown tint ; it 
fuses at a red heat ; when heated beyond its point of fusion, it loses 
oxygen, and is transformed into a mixture of sesquioxide of chromium 
and basic chromate of lead. Heated in contact with organic sub- 
stances, it readily yields oxygen to the latter. 

COMPOSITION. 

PbO .... 111*50 68*94 

CrO, .... 50*24 31*06 

161*74 100*00 

c. Chromate of baryta is obtained as a light yellow precipitate on 
mixing a solution of an alkaline chromate with chloride of barium. It 
dissolves in hydrochloric and in nitric acid, but not in acetic acid. On 
washing with pure water, the latter begins to dissolve it slightly, as 
soon as all soluble salts are removed, to such an extent that the 
washings run off yellow. The precipitate is insoluble in saline solu- 
tions. Hence it is best to use a solution of acetate of ammonia for 
washing (Pearson and Richards*). It is not decomposed by 
moderate ignition. 

COMPOSITION. 

BaO 76*50 60*36 

CrO, .... 50*24 39*64 

126*74 100*00 

d. Chronuite of suboxide of mercury obtained by adding nitrate of 
suboxide of mercury to an alkaline chromate is a brilliant red preci- 
pitate, which turns black by the action of light. It dissolves very 
slightly in cold water, more in boiling water, being partially converted 
into a salt of the oxide ; it dissolves slightly in dilute nitric acid. 

* Zeitsohr. f. anal. Chem. 9, 108. 
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For washings it is best to use a dilute solution of nitrate of suboxido 
of mercury containing but little free acid ; in this solution it is in- 
soluble (H. Rose*). 

3. Sulphuric Acid. 

Sulphuric acid is determined best in the form of sulphate of 
BARYTA, for the properties of which see § 71. 

4. Phosphoric Acid. 

The principal forms into which phosphoric acid is converted are as 
follows: — phosphate of lead, pyrophosphate of magnesia, 
BASIC phosphate OF MAGNESIA (3MgO,POJ, BASIC PHOSPHATE OF 
SESQUIOXIDE of iron, PHOSPHATE OF SESQUIOXIDE OF URANIUM, 
PHOSPHATE OF BINOXIDE OF TIN, and PHOSPHATE OF SILVER. 

Besides these compounds, we have to examine phosphate of sub- 
OXIDE of MERCURY, and PHOSPHO-MOLYBDATE of AMMONIA. 

a. The phosphate of lead obtained in the course of analysis is rarely 
pure, but is generally mixed with free oxide of lead. In this mixture 
w'e have accordingly the basic phosphate of lead (SPbOjPOJ ; in 
the pure state, this presents the appearance of a white powder ; it is 
insoluble in water, acetic acid, ana ammonia ; it dissolves readily in 
nitric acid. When heated it fuses without decomposition. 

h. Pyrophosphate of rmgnesia . — See § 74. 

c, Basic phosphate of magnesia (3MgO,PO^). — A mixture of this 
compound with excess of magnesia is produced by mixing a solu- 
tion of an alkaline phosphate, containing chloride of ammonium, with 
magnesia, evaporating, heating until the chloride of ammonium is ex- 
pelled, and finally treating with water. It is practically insoluble in 
water and in solutions of salts of the alkalies (Fr. ScHULZEf). 

d. Basic phospluite of sesqnioxide of iron. — If a solution of phosphoric 
acid or of phosphate of lime in acetic acid is carefully precijutated with 
a solution of acetate of sesquioxide of iron, or with a mixture of iron- 
alum and acetate of soda, so that the iron salt may just j)redominate, 
the precipitate always contains 1 eq. PO^ to 1 eq. Fe,Oj (Rawsky, 
Wittbtein, E. Davy^); if, on the other hand, the acetate of iron is 
in larger excess, the precipitate contains more base. Wittstein 
obtained, by using consideraole excess of acetate of iron, a precipitate 
of the formula 4 FejO^jSPO,. Precipitates, obtained with a small 
excess of the precipitant, possess a composition vaiwiRg between the 
above-mentioned limits. Rammelsberg obtained Pe20g,P0j( + 4 aq.), 
and Wittstein subsequently, the same compound (with 8 aq. instead 
of 4), upon mixing sulphate of sesquioxide of iron with phosphate of 
soda in excess ; with an insufficient quantity of the phosphate of soda, 
the latter chemist obtained a more yellowish precipitate, which had the 
formula 3(Fe,0„P0g + 8 aq.) -»■ (FejOj,,3HO). If an acid fluid containing 
a considerable excess of phosphoric acid is mixed with a small quantity 
of solution of ses(|uioxicle of iron, and an alkaline acetate added^ a pre- 
cipitate of the formula, FejjOj„PO,, + water, is invariably obtained, 
which, accordingly, leaves upon ignition Fe, 0 g,P 04 (Wittstein). 
Fresh experiments that 1 have made upon this subject have convinced 

* Poffff. Add. 58, 124. t Journ. f. prakt. Chem. 68, 440. 

^ t Phil. Mag. 19, 181. 
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me of the perfect correctness of this statement. Mohr obtained 
the same results.* The precipitate is insoluble in a fluid containing 
salts, but when washing, as soon as the soluble salts are nearly re- 
moved, the precipitate begins to dissolve. The filtrate has an acid re- 
action, and contains sesquioxide of iron and phosphoric acid. The 
precipitate, under these circumstances, alters in composition, and this 
explains why different results were obtained in the analysis of pre- 
cipitates which bad been washing for different lengths of time 
(Fr. Mohr). 

COMPOSITION. 



71 

47-02 

80 

52-98 

151 

100-00 


If we dissolve jdiospbate of sesquioxide of iron in hydrochloric 
acid, supersaturate the solution with ammonia, and apply heat, we 
obtain more basic salts, viz., iJFe/)„: 3 PO^ (Rammelsberg) ; 2Fe203,P05 
''WiTTSTEiN — after long washing). In Wittstein’s experiment, the 
wash -water contained phosjdioric acid. The white phosphate of ses- 
quioxide of iron does not dissolve in acetic acid, but it dissolves in a 
solution of acetate of sesquioxide of iron. U}>on boiling the latter solution 
(of phos])hate of sescjuioxide of iron in ac^^tate of sesijuioxide of iron), the 
whole of the phosphoric acid jirecijiitates, with the basic acetate of sesqui- 
oxide of iron, us hyjierbasie jihosphate of sesquioxide of iron. Similar 
extremely basic combinations are invariably obtained (often mixed with 
free hydrated sesquioxide of iron), u]»on precijutating with ammonia or 
carbonate of baryta a solution containing ])hos}>horic acid and an excess 
of sesquioxide of iron. Idie precipitate obtained by carbonate of baryta, 
can be conveniently filtered off and washed, the filtrate is perfectly 
free from either iron or })hos])horic acid ; on the contrary, the preci- 
pitate obtained by ammonia, es]»ecially if the latter were much in 
exc**ss, is slimy, and therefore difhcult to wa>«h, and the filtrate always 
contains small traces of both iron and phosphoric acid. 

c. Phoiiphatv <if scsquioxfdr of uranium. — If the hot aqueous solution of 
a phosjdiate soluble in water or acetic acid is mixed, in presence of free 
acetic acid, with acetate of sescpiioxule of uranium, a precipitate of phos- 
phate of sescjuioxide of uranium is immediately formed. If the fluid 
contains much ammoniacal salt, the precipitate contains also ammonia. 
The same precijiitate forms also if alumina or sesquioxide of iron is pre- 
sent ; but in that case it is always mixed with more or less phosphate of 
sesquioxide of iron or ])hos])hate of alumina. Presence of potassa- or 
soda-salts, on the contrary, or of salts of the alkaline earths, has no 
influence on the composition of the precipitate. Phosphate of sesqui- 
oxide of uranium and ammonia (•JLTr203,i\lI^U,P0g + .rilO) is a some- 
what gelatinous, whitish-yellow jirecipitate, with a tinge of green. The 
best way of washing it, at least so far as the principal part of the opera- 
tion is concerned, is by boiling with water and decanting. If, after 
having allowed the fluid in which the precipitate is suspended to cool a 
little, a few drops of chloroform are added, and the mixture is shaken 
or boiled up, the precijiitate subsides much more readily than without 

* Zeitsciir. f. aual. Cbem. 2, 250. 
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this addition. The precipitate is insoluble in water, slig’htly soluble in 
acetic acid, readily soluble in mineral acids ; acetate of ammonia, added 
in sufficient excess, completely reprecipitates it from this solution, upon 
application of heat. Upon i<»nitin^ the precipitate, no matter whether 
containinpr ammonia or not, pbosjdiate of sescjuioxide of uranium of the 
formula 2Ur,0.„P0, is produced. I'his has the color of the yolk of an 
egg*. If the precipitate is ignited in presence of charcoal or of some 
reducing gas, partial reduction to phosphate of protoxide of uranium 
ensues, owing to which the ignited mass acquires a greenish tint ; how’- 
ever, upon w^aiming the r(*sidue with some nitric acid, it is readily 
reconvert('d into the yellow salt. Phosphate of sesquioxide of uranium 
is not hygroscojiic, and may therefore be ignited and weighed in an open 
platinum dish (A. Arekdt and W. Knop*). 

COMPOSITION. 

2UrX), .... 285-6 80*09 

P(>/ .... 710 19*91 

656*6 100*00t 

f. Phosphate of hnoxide of tia is never obtained in the pure state in 
the analytical process, but contains always an admixture of hydrated 
metastannic acid, w’hich, iqion ignition, changes to metastannic acid. 
It has, generally s])eakiijg, the same properties as hydrated metastannic 
acid, and is mori* particularly, like the latter, very sparing*ly soluble in 
nitric acid, [^jioii heating with concentrated solution of potassa, phos- 
phate and metastannate of potassa are formed. 

/ 7 . Trthastc phos/ haU of is a^ yellow povrder, insoluble in water, 

readily solulde in nitric acid and ammonia. In ammoniacal salts, it is 
difficultly soluble. It i^ unalterable in the air. Ujion ignition, it 
acquires transic ntJy a reddish-brown color ; at an intense red heat, it 
fuses without decomposition. 


COMPOSITION. 

6AgO .... 34?-r9 86-05 

ro, .... 71*00 16*95 


418*79 100*00 

A Phospluite of ..uhoxidc of incrcnrij, — This compound is obtained in 
the separation of ])hosphoric acid from many bases, after H. Posf/s 
method. It presents a white crystalline mass, or a white ])owder. It 
IS insoluble in water, but dissolves m nitric acid. The action of a red 
heat conveits it into fused phos])liate of oxide of mercury, with evolu- 
tion of vapor of mercury. U])on fusion with alkaline carbonates, alkaline 
phosphates are i>roduced, while mercury, oxygen, and carbonic acid 
escape. 

t. Pliosplio-iiwlyMate of aviinonia, — This compound also serves to 

* Cbeniifiches Centralblatt, I8fj6, 769, 803 ; and 1857, 177. 

+ The equivalent of uranium is liere taken as 59*4, according to Rbelmen. If we 
take it according to P£ligot, as 60, the ignited phosphate would contain 80*22 Ur.^O,, 
and 19*78 phosphoric acid. W. Knop and Aiiendt found in four experiments 20*13, 
20*06, 20 04, and 20*04 respectively (in another 20-77). It will be seen that these 
numbers agree belter with the composition as reckoned from Ebelmen’b than from 
PkuooT’s equivalent. 
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effect the separation of phosphoric acid from other bodies ; it is of the 
utmost importance in this respect. It forms a hrig-ht yellow, readily 
subsiding* precipitate. Dried at 100°, it has, according to Seliosohn, 
the following (average) composition : — 

Molyhdic acid .... 90*744 

Phosphoric acid . . . .3*142 

Oxide of ammonium . . . 3*.0?O 

Water ..... 2*544 

100 * 000 * 

In the pure state, it dissolves hut sparingly in cold water (1 in 10000 
— Eqgeutz); but it is soluble m hot water. It is readily soluble even 
in the cold, in caustic alkalies, alkaline carlionates and phosphates, 
chloride of ammonium, and oxalate of ammonia. It dissolves sparingly 
m sulphate of ammonia, nitrate of ]>otassa, and chloride of j)Otassiuni ; 
and ver^" sparingly in nitrate of ammonia. 

It is soluble in suljihate of potassa and suljihate of soda, chloride of 
sodium and chloride of magnesium, and sul])huric, hydrochloric and nitric 
acids (concentrated and dilute). Water, containing 1 per cent, of 
common nitric acid dissolves (Kooeutz). ‘Application of heat does 

not check the solvent action of these substances. Ib’esence of molybdate 
of ammonia totally changes its deportim-nt with acid fluids. Dilute 
nitric or suljihuric acid containing molybdate of ammonia does not 
dissolve it; but much hydrochloric acid, even m the jiresence ot 
molybdate of ammonia, has a solvmit action, and this acid consecpientlv 
interferes with the complete precijntation of phosjilioric acid by nitric 
acid solution of mohbdat(‘ of ammonia. The solution of tin* jdiospho- 
molybdate of ammonia in acids is probably attended, in all ca>(‘s, with 
decomposition and sejiaration of the molybdic acid, which cannot take 
jilace in the ])res(‘nce of molybdate of ammonia (J. CuAW^f). Tartaric 
acid and similar organic substances entirely jinwent the ])recipitation of 
the pbos])ho-mo]ybdate of ammonia (Eggkutz). In the pre^ence of 
an iodide instead of a yellow^ precijiitate, a green precipitate or a green 
fluid is formed, resulting from the reduciim action of the hydriodic acid 
on the molybdic acid (J. W. Bill;). Other substances winch reduce 
molybdic acid have of course a similar action. 

5. Eoracic Acid. 

BonopT.iToniDE of Potassium is the best form to convert boracic 
acid into for the pur])osc of the direct estimation of tl^^ acid, 'fliis com- 
pound is produced by mixing the solution of an alkaline borate, in ])re- 
sence of a sufheieut ipiantity of potassa, with hydvoiluone acul in exci‘ss, 
in a silver or ])latinum dish, and eva])orating to dryness. The ge]atinou> 
preeijntate which forms in the cold, dissolves upon a])plication of lu*at, 
and sep’arates from the solution subseipieiitly, upon eva])oration, in 

* From the varying results of different analysts it is plain that the precipitate, 
prejiaretl under apparently the same ciicuiUHtaijeeH, has not alwjiys exactly the same 
composition Sonnenbchein (.lourn. f pr^ikt. Chem. 63, 342) found in the precipi- 
tate diied at 120”, 2*93 — 3-12 ^ PO5 ; Licowitz ^Pogg. Annal. 109, 135), in the pre- 
cipitate dried at from 20 to 30”, 3 '(>07 ^ PO^ ; Eugertz (Journ. f. jiiakt. Chem. 
79, 490), 3-7 to 3*8 

t Chem. Gaz. 1852, 216. ij; Sillim. Journ., July, 1858. 

M 2 
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small, hard, transparent crystals. The Compound has the formula 
KFjBFj. It is soluble in water and also in dilute spirit of wine ; 
hut strong- alcohol fails to dissolve it ; it is insoluble also in con- 
centrated solution of acetate of potassa. It may be dried at 100°, 
without decomposition (Aua. Stromeyer*). 



COMPOSITION. 


K . 

. . . 3913 

31-03 

B . 

. . . 11-00 

8-73 

r. • 

. . . 76-01) 

60-36 



100-00 


' 6. Oxalic Acid.. 

When oxalic acid is to be directly determined it is usually precipi- 
tated in the form of oxalate of lime; and its weight is inferred 
from the carbonate of lime or lime produced from the oxalate by 
ignition. For the })roperties of these bodies see § 73. 

7. Hydrofluoric Acid. 

The direct estimation of hydrofluoric acid is usually effected by 
weighing the acid in the form of fliioride of calcittm. 

Flmride of vale mm forms a gelatinous precipitate, which it is found 
difficult to wash. If digested with aniiiionia, previous to filtration, it 
is rendered denser and less gelatinous. Jt is not altogether insoluble 
in water; aqueous solutions of flic alkalies fail to decomjiose it. Jt 
is very slif»htly soluble in dilute, but more readily in concentrated 
hydrochloric acid. When acted ujion by sulphuric acid, it is d(‘- 
composed, and suljihate of lime and hydrofluoric acid are formed. 
Fluorid<' of calcium is unalterable in the air, and at a red heat. 
Itlxposed to a very intense heat, it fuses. Upon intense ignition in 
moist air, it is slowly and })artially decomposed into lime and hydro- 
fluoric acid. Mixed \Mtii cliloridc of ammonium, and exposed to a red 
h(*at, fluoride of calcium suffers a Cvmcinual loss of weight; but the 
decomposition is incouijdete. 

COMPOSITION. 

Ca .... 20 51-28 

F .... 19 48-72 


39 100-00 

We often determine fluorine, more particularly in presence of silicic 
acid, by converting it into finorule of silicon (Si FJ. This is a colorless 
gas, fuming in the -air, with suffocating odor, of sp. gr. 3*574, which 
decomposes w^hen mixed with water forming silicic acid and hydro- 
fluosilicic acid thus : 3 8i + 2110 2 (Si F^, HF) + Si 0^. 


* Annal. d. Chem. u. Pharm, 100, 82. 
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8, Carbonic Acid. 

The direct estimation of carbonic acid — which, however, is onlj 
rarely resorted to — is usually effected by weighing the acid in the form 
of CARBONATE OF LIME. For the properties of the latter substance, 
see § 73. 

9. Silicic Acid. 

When silicic acid is separated by acids from aqueous solutions of 
alkaline silicates, it is at first jierfectly soluble in water. It becomes 
insoluble or rather difficultly soluble when it coagulates. Coagulation 
is a permanent change and is furthered by concentration and by eleva- 
tion of temperature. Silicic acid solution of 10 or 12 per cent, 
coagulates at the ordinary tem])erature in a few hours, and immediately 
if heated. A solution of 5 per cent, may be preserved withifut 
coagulating for five or six days, one of 2 j)er cent, for two or three 
months, and one of] per cent, for several years, and solutions containing 
iV per cent or less arc not apjireciably altered by time. Solid 
matter in powder such as graphite, hastens coagulation, alkaline salts 
induce it rapidly. Aqueous solutions of silicic acid may on the con- 
trary be mixed with hydrochloric acid, nitric acid, acetic acid, tartaric 
acid and alcohol without coagulating. The gelatinous silicic acid pro- 
duced by coagulation may contain more or less water, and it apj^ears to 
be the more difficultly soluble in water, the less water it contains ; thus 
a jelly of 1 per cent, of silicic acid gives a solution with cold water 
containing 1 part of silicic acid in about 5000 parts, a jelly of 5 j)er 
cent gives a solution containing 1 jiart of silicic acid in about 10000 
parts of water. A jelly containing less water is still less soluble, and 
when the jelly is dried uj) to a gummy mass it is barely soluble at all ; 
this IS also the case with the pulverulent hydrate of silicic acid obtained 
in the analysis of silicates by drying a jelly containing much salts at 
100° (Graham*). The hydrate dried at 100° dissolves but very 
slightly in acids (with the exception of hydrofluoric acid), it dissolves, 
however, in solutions of pure and carbonated fixed alkalies, especially 
on heating. Aqueous ammonia dissolves the jelly in tolerable quantity 
and the dry hydrate in very notable quantity (PHiBRAMt). Regarding 
the amount of water in the hydrate dried at given temperatures 
chemists do not agree.]; 

On ignition all the hydrates pass into the anhydrous acid. As the 
vapor escapes small particles of tiie extremely fine powder are liable to 
whirl up. This may be avoided by moistening the hydrate in the 
crucible with water, evaporating to dryness on a water bath, and then 
applying at first a slight and then a graduiilly increased heat. 

The silicic acid obtained bj' igniting the hydrate appears in the 
amorphous condition, with a sj). gr. of 2*2 to 2*3. It forms a white 
powder insoluble in water, and acids (hydrofluoric excepted), soluble in 

♦ Pogg. Annal. 123, 529. + Zeitschr. f. anal Chem. 6, 119. 

% Dovkei (Annal. de Chim. et de Phys. 21, 40 ; Annal. d. Cheni. u. Pliarm. 64, 
256) found in the air-dried hydrate 16*9 to 17*8 ^ water ; J. Fuchs (Annal. d. Cheni. 
u. Pharm. 82, lie to 123), Od to 9*6 : G. Lippkrt, 9*28 to 9*95. Dovkri found in 
the hydrate dried at 100", 8*3 to 9*4 ; J. Fuchs, 6*63 to 6*96 ; G. LippilRT, 4*97 to 
5*52. H. Kobe (Pogg. Annal. 108, 1 ; Journ. fur prakt. Chem. 81, 227) found in the 
hydrate obtained by digesting stilbite with concentrated hydrochloric acid, and dried 
at 150", 4*85 $ water. 



166 


FORMS. 


[§ 94. 

solutions of the fixed alkalies and their carbonates, especially in the 
heat. Hydrofluoric acid readily dissolves amorplious silicic acid ; the 
solution leaves no residue on evaporation in pliitinum, if the silica was 
pure. The amorphous silica, when heated with fluoride of ammonium 
in a platinum crucible, readily volatilizes. The ignited amorphous 
silica, exposed to the air, eagerly absorbs water, which it will not give 
up at from 100 to 1.00° (H. Rose). The lower the heat during 
ignition the more In^groscopic is the residue (Souchay*). Silica 
fuses at the strongest heat; the mass obtained being vitreous and 
amorphous. Amorphous silica ignited with chloride of ammonium, at 
first loses w^eight, and then, when the ignition has rendered it denser, 
the w'eight remains constant. 

The amorphous silica must be distinguished from the crystallized or 
crystalline variety, w hich occurs as rock cr 3 \stal, quartz, sand, &c. This 
hits a sp. gr. of (Schaffootsch), and is far more diflicnltly, and in 
far less amount, dissolved by jiotash solution or solution of fixed alkaline 
carbonates ; it is also more slowly attacked by hydrofluoric acid, or 
fluoride of ammonium. Crystallized silica is not hygroscopic, whether 
strongly or gently ignited (Sottchay). Vegetable colors are not 
changed either by silicic acid or its hydrates. 

COMPOSITION. 

Si .... 14-()() 4(rC7 

0, .... 10-00 

30-00 100-00 

ACIDS OF THE SECOND GROUP. 

§ 04. 

1. Hydrochloric Acid. 

Hydrochloric acid is almost invariably weighed in the form of 
CHLORIDE OF SILVER — foF the properties of which sec § 82. 

2. Hydkobromic Acid. 

Hydrobromic acid is always weighed in the form of bromide of 
silver. 

Bromide of silver ^ prepared in the wet way, forms a yellowish-white 
precipitate. It is wdiolly insoluble in water and in nitric acid, tolerably 
soluble in ammonia, readily soluble in hyposulphite of soda and cyanide 
of potassium. Concentrated solutions of the chlorides and bromides of 
potassium, sodium, and ammonium dissolve it to a very perceptible 
amount, wdiile in very dilute solutions of these salts it is entirely 
insoluble. Traces only dissolve in nitrates of the alkalies. It dissolves 
abundantly in a concentrated warm solution of nitrate of mercury. On 
digestion with excess of iodide of potassium solution it is completely 
converted into iodide of silver (Field). On ignition in a current of 
chlorine the bromide of silver is transformed into the chloride ; on igni- 
tion in a current of hydrogen it is converted into metallic silver. Ex- 

* Zeitschr. f. anal. Chom. 8, 423. 
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posed to the lig-ht it ^adiially turns ^ay, and finally black. Under 
the influence of heat, it fuses to a reddish liquid, wliicii, upon cooling*, 
solidifies to a yellow, horn-like mass. Brought into contact with zinc 
and water, it is decomposed : a spongy mass of metallic silver forms, and 
the solution contains bromide of zinc. 

COMPOSITION. 

Ag .... 10703 57*45 

Br .... 79*95 42*55 


187*88 100*00 

3. Hydriodtc Acid. 

Hydriodic acid is usually determined in the form of iodide bF 
SILVER, and occasionally also in that of protjodide of palladium. 

a. Iodide of silver, produced in the wet way, forms a light-yellow 
precipitate, insoluble in water, and in dilute nitric acid, and very slightly 
soluble in ammonia. One part dissolves, according to Wallace and 
Lamont* in 24i)3 parts of aqueous ammonia s]). gr. *89, according to 
Martini, in 2510 jjarts of *9() sp. gr. It is copiously taken up by con- 
centrated solution of iodide of potassium, but it is insoluble in very 
dilute ; it dissolves readily in hyposulphite of soda and in cyanide of 
potassium; traces only are dissolved by alkaline nitrates. In concen- 
trated warm solution of nitrate of mercury it is copiously soluble. Hot 
concentrated nitric and sulphuric acids convert it, but with some diffi- 
culty, into nitrate and sulphate of silver resj)ectively, with expulsion of 
the iodine. Iodide of silver acijuires a black color w^hen exposed to the 
light. When heated, it fuses without decomposition to a reddish fluid, 
wdiich, upon cooling, solidifies to a yellow’^ mass, that may be cut with 
a knife. Under the influence of excess of chlorine in the heat it is 
completely converted into chloride of silver; ignition in hydrogen 
reduces it but incompletely to the metallic state. When brought into 
contact with zinc and water, it is decomposed but incompletely : iodide 
of zinc is formed, and metallic silver separates. 

composition. 

Ag .... 107*93 45*97 

I 120*85 54*03 


234*78 100*00 

b. Protiodide of palladium, produced by mixing an alkaline iodide with 
protochloride of palladium, is a deep brownish-black, flocculent preci- 
pitate, insoluble in water, and in dilute hydrochloric acid, but slightly 
soluble in saline solutions (chloride of sodium, chloride of magnesium, 
chloride of calcium, &c.). It is unalterable in the air. Dried simply 
in the air it retains one equivalent of water 5*05 per cent. Dried long 
in vacuo, or at a rather high temperature (70° to 80°), it yields the whole 
of this winter, without the least loss of iodine. Dried at 100°, it loses a 
trace of iodine ; at from 300° to 400°, the whole of the iodine is expelled. 
It may be washed with hot water, without loss of iodine. 

* Chera. Gaz. 1859, 137. 
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Pd 63-29 29-68 

I 126-86 70-42 


180-14 100-00 


[§ 05. 


4. Hydrocyanic Acid. 

Hydrocyanic acid, if determined gravimetrically and directly, is 
always converted into cyanide of silver — for the properties of which 
compound see § 82. 

6. Hydrosttlphuric Acid. 

The forms into which sulphuretted hydrogpen, or the sulphur in 
metallic sulphides, is converted for the purpose of being weighed, are 

TERSULPHTDE OF ARSENIC, SULPHIDE OF SILVER, SULPHIDE OF 
COPPER, and sulphate of baryta. 

For the properties of the sulphides named, see §§ 82, 85, 92 ; for 
those of sulpnate of baryta, see § 71. 


ACIDS OF the third GROUP. 

§ 95. 

1. Nitric Acid; and 2. Chloric Acid. 

These two acids are never estimated in a direct way — that is to say, 
in compounds containing them, but always in an indirect way ; generally 
volume trically. 



SECTION IV. 


THE DETERMINATION (OR ESTIMATION) OF BODIES. 

§ 96 . 

In the preceding* Section we have examined the composition and pro- 
perties of the various forms and combinations in which bodies are 
separated from others, or in which they are weighed. We have now 
to consider the special means and methods of converting the several 
bodies into such forms and combinations. 

For the sake of greater clearness and simplicity, we shall, in the 
present Section, confine our attention to the various methods applied 
to effect tlie estimation of siufjle bodies^ deferring to the next Section the 
consideration of the means adopted for the estimation of mixed bodies, 
or the separation of bodies from one another. 

We have to deal here exclusively with bodies in the free state, or 
with compounds consisting of one base and one acid, or of one metal 
and one metalloid. 

As in the (Qualitative Analysis,” the acids of arsenic will be treated 
of among the bases, on account of their behavior to sulphuretted hydro- 
gen, and those elements which form acids with hydrogen will be con- 
sidered in conjunction with their respective hydrogen acids. 

In the quantitative analysis of a body we have to study first, the 
most ajipropriate method of dissolving it j and secondly, the modes of 
determining it. 

With regard to the latter point, we have to turn our attention, first, 
to the performance ; and secondly, to the accuracy of the methods. 

It happens very rarely in quantitative analyses that the amount of 
a substance, as determined by the analytical process, corresponds exactly 
with the amount theoretically calculated or actually present ; and if it 
does happen, it is merely by chance. 

It is of importance to inquire what is the reason of this fact, and 
what are the limits of inaccuracy in the several methods. 

The cause of this almost invariably occurring discrepancy between 
the quantity present and that actually found, is to be ascribed either 
exclusively to the execution, or it lies partly in the method itself. 

The execution of the analytical processes and operations can never 
be absolutely accurate, even though the greatest care and attention be 
bestowed on the most trifling minutim. To account for this, we need 
only bear in mind that our weights and measures are never absolutely 
correct, nor our balances absolutely accurate, nor our reagents absolutely 
pure ; and, moreover, that we do not weigh in vacuo ; and that, even if 
we deduce the weight in vacuo from the weight we actually obtain by 
weig hing in the air, the very volumes on which the calculation is based 
are but approximately known 3 — that the hygroscopic state ol the air is 
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liable to vary between the weig'hing* of the em{)ty crucible and of the 
iTU(dble -r the substance ; — that we know the weig-ht of a filter ash only 
a})}>roxiinately ; — that we can never succeed in completely keeping off 
dust, 

With regard to the methods, many of them are not entirely free 
from certain unavoidable sources of error ; — precipitates are not abso- 
lutely insoluble j com{)ounds which require ignition are not absolutely 
fixed ; others, which require dr 3 ung, have a slight tendency to volatilize ; 
the final reaction in volumetric anal^^ses is usually produced only by a 
srnall excess of the standard fluid, which is occasionally liable to vary 
with the degree of dilution, the temperature, ifec. 

Strictly speaking, no method can be pronounced quite free from 
defect ; it should be borne in mind, for examyde, that even sulphate of 
baryta is not absolutely insoluble in water. Whenever we describe any 
method as free from sources of error, we mean, that no causes of con- 
siderable inaccurac}^ are inherent in it. 

We have, therefore, in our anal^’tical processes, invariably to con- 
tend against certain sources of inaccuracy which it is impossible to 
overcome entirely, even though our ojierations be conducted with the 
most scrupulous care and with the utmost attention to established rules. 
It will be readily understood that several defects and sources of error 
may, in some cases, combine to vitiate the results; whereas, in other 
cases, they may corajiensate one another, and thus enable us to attain 
a higher degree of accurac 3 ^ The comparative accuracy of the results 
attainable by an anal^^tic^al method oscillates between two points — these 
points are called the limits of error. In the case of methods free from 
sources of error, these limits will closely approach each other ; thus, for 
instance, in the estimations of chlorine, witri great care one will always 
be able to obtain between 99*9 and 100-1 for the 100 parts of chlorine 
actually present. 

Less perfect methods will, of course, exhibit far greater dis- 
crepancies ; thus, in the estimation of boracic acid as borofluoride of 
potassium, the most attentive and skilful operator may not be able to 
obtain more than 99*0 (and even less) for the 100 parts of boracic acid 
actually present. I ma}^ here incident-ally state that the numbers 
occasionally given in this manner, in the course of the present work, to 
denote the degree of accuracy of certain methods, refer invariably to the 
substance estimated (chlorine, nitrogen, baryta, for instance), and not 
to the combination in which that substance may he weighed (chloride 
of silver, bichloride of platinum and chloride of ammonium, sulphate of 
baryta, for instance) ; otherwise the accuracy of various methods 
would not be comparable. 

The occasional attainment of results exactly corresponding with the 
numbers calculated does not always justify the assumption, on the part 
of the student, that his operations, to have led to such a result, must 
have been conducted with the utmost precision and accuracy. It may 
sometimes happen, in the course of the analytical process, that one 
error serves to compensate another ; thus, for instance, the analyst 
may, at the commencement of his operations, spill a minute portion of 
the substance to be analysed ; whilst, at a later stage of the process, 
he may recover the loss by an imperfect washing of the precipitate. 

As not the least effective means of guarding against error and 
inaccuracies in gravimetne analyses^ I would most strongly recommend 
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the analyst, after weighing a preci^pitate^ to compare its properties 

{color j solubility^ reaction^ with those which it should possess y and which 

have been amply described in the preceding Section. 

In my own laboratory, I insist upon all substances that are weighed 
in the course of an analysis being kept between watch-glasses, until 
the whole affair is concluded. This affords always a chance of testing 
them once more for some impurity, the presence of which may become 
suspected in the after-course of the process. 


I. ESTIMATION OF BASES IN COMPOUNDS CONTAINING ONLY 
ONE BASE AND ONE ACID, OR ONE METAL AND 
ONE METALLOID. 

FIRST GROUP. 

POTASSA — SODA — AMMONIA — (lITHIA). 

§97. 

1. Potassa! 

a. Solution, 

Potassa and its salts with those inorganic acids which we have to 
consider here are dissolved in water, in which menstruum they dissolve 
readily, or at all events, pretty readily. 

Potassa salts with organic acids it is frequently most convenient to 
convert into carbonate of jiotassa by long-continued gentle ignition in 
covered crucibles. If they are heated to fusion, the separated carbon 
acts on the carbonate of ])otassa ; carbonic oxide escapes, and a portion 
of caustic potassa is produced. A slight loss of potassa is occasioned by 
simple carbonization ; a further loss takes place on fusion, which is con- 
sequently to be avoided. 

b. EstimMion. 

Potassa is weighed either as sulphate or nitrate of potassuy or as chloride 
of potassium or bichlonde of plat muni and chloride of potassiuniy or preci- 
pitated and estimated volunietrically as siLicofuoride of potassium. For 
the alkalimetric estimation of caustic or carbonated potassa, see §§ 219 
and 220. The estimation of potash as the bitartrate, which gives 
approximate results only, will be found in the Special Part. 

We may convert into 

1. Sulphate of potassa : Salts of potassa with strong volatile 
acids; e.g., chloride of potassium, bromide of potassium, nitrate of 
potassa, (fee. ; also salts of organic acids. 

2. Nitrate of potassa: Caustic potassa, and compounds of 
potassa with weak volatile acids that are not decomposed by nitric acid ; 
e.g.y carbonate of potassa (salts of potassa with organic acids). 

3. Chloride of potassium : In general, caustic potassa and salts 
of potassa with weak volatile acids, especially also with such as are 
decomposed by nitric acid; e.g., sulpliide of potassium. Also, and more 
particularly, sulphate, chromate, chlorate, and silicate of ])otassa. 

4. Bichloride of platinum and chloride of potassium : 
Salts of potassa with acids soluble in alcohol, especially with non- 
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volatile acids ; phosphate of potassa^ borate of potassa ; also in 
the separation of potassa from soda. 

5. SiLicoFLuoRiDE OF POTASSIUM: Salts of potassa with acids 
soluble in weak alcohol^ except the borate. 

1. Determination as Sulphate of Potassa, 

Evaporate the aqueous solution of the sulphate of potassa to dryness, 
imite the residue in a platinum crucible or dish, and weig*h (§ 42). 
The residue must be thoroii^hly dried before you proceed to ignite it ; 
the heat applied for the latter purpose must be moderate at first, and 
very gradually increased to the requisite degree ; the crucible or dish 
must be kept well covered — neglect of these precautionary rules 
involves always a loss of substance from decrepitation. If free sul- 
phuric acid is present, we obtain, upon eva})oration, bisulphate of 
potassa ; in such cases the excess of sulphuric acid is to be removed 
by igniting first alone (here it is best to place the lamp so that the 
flame may strike the cover obliquely from above), then with carbonate 
of ammonia. See § 68. 

For properties of the residue, see § 68. Observe more particularly 
that the residue must dissolve to a clear fluid, and that the solution 
must be neutral. Should traces of platinum remain behind (the dish 
not having been previously weighed) these must be determined, and 
their weight subtracted from that of the ignited residue. 

With jiroper care and attention, this method gives accurate re- 
sults. 

To convert the above-mentioned salts (chloride of potassium, &c.) 
into suljihate of potassa, add to their aqueous solution a quantity of 
pure suljihuric acid more than sufficient to saturate the whole of the 
potassa, evaporate the solution to dryness, ignite the residue, and con- 
vert the bisuljJiate of potassa into the neutral salt, by treating with 
carbonate of ammonia (§ 08). 

As tlie ex})ulbion of a large quantity of sulphuric acid is a very 
disagreeable process, avoid adding too great an excess. Should too 
little of the acid have been use d, which you may infer from the non- 
evolution of sulphuric acid fumes on ignition, moisten the residue with 
dilute sulphuric acid, evajiorate, and again ignite. If you have to 
deal with a small quantity only of chloride of jiotassium, &c., proceed 
at once to treat the dry salt, cautiously, with dilute sulphuric acia in the 
platinum crucible, provided the latter be capacious enough. In the 
case of bromide and iodide of potassium, the use of platinum vessels 
must be avoided. 

Potassa salts of organic acids are carbonized in a platinum crucible 
at the lowest possible temjierature; after cooling, a few crystals of pure 
sulphate of ammonia are added, then a little water ; the water and the 
carbonate of ammonia formed are evujmrated by heating the lid, and 
afterwards the excess of sulphate of ammonia is driven off by gently 
heating the bottom of the crucible. If the carbon is not all ournt, 
add small quantities of nitrate of ammonia till this result is eflected. 
Weigh the sulphate of potassa remaining (H. Kammerer"*^). It is 
usually advisable to ignite finally in an atmosphere of carbonate of 
ammonia. Kesults accurate. 


* ^eitschr. f, anal. Cliem. 7, 221, 
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2. Determinatimi as Nitrate of Potnssa, 

General method the same as in 1. Nitrate of potassa must be 
heated very gently to the fusing point, otherwise some loss is likely to 
arise from evolution of oxygen. For properties of the residue, see 
§ 68. The method is easy, and the results accurate. In the conversion 
of carbonate of potassa into the nitrate, § 38 must be consulted 

3. Determination as Chloride of Potassium, 

General method the same as in 1. The residue of chloride of 
potassium must, previously to ignition, be treated in the same way as 
sulphate of jiotassa, and for the same reason. The salt must be heated 
in a well- covered crucible or dish, and only to dull redness, as the 
aj>plication of a higher degree of heat is likely to cause some loss by 
volatilization. No particular regard need be had to the presence of 
free acid. For pro])erties of the residue, see § 68. This method, if 
properly and carefully executed, gives very accurate results. The 
chloride of potassium may, instead of being weighed, be determined 
volumetrically hy § 141, h. This method, however, has no advantage 
in the case of single estimations, but saves time when a series of esti- 
mations has to be made. 

In determining potassa in the carbonate it is sometimes desirable 
to avoid the effervescence occasioned by treatment with hydrochloric 
acid, as, for instance, in the case of the ignited residue of a potassa salt 
with an organic acid, which is contained in the crucible. This may be 
effected by treating the carbonate with solution of chloride of ammo- 
nium in excess, evaporating and igniting, when carbonate of ammonia 
and the excess of chloride of ammonium will escajie, leaving chloride 
of potassium behind. 

The methods of converting into chloride of potassium the potassa 
compounds specified above, will be found in Part II. of this Section, 
under the heads of the acids which they contain. 

4. Determination as Bichloride of Platinum and Chloride of Potassium. 

a. Salts of ])otassa with volatile acids (nitric acid, acetic acid, &c.). 

Mix the solution with hydrochloric acid, evaporate to dryness, dis- 
solve the residue m a little water, and add a concentrated solution of 
bichloride of platinum, as neutral as possible, in excess. If the strength 
of the platinum solution is known, it will be easy to add about the right 
quantity (§ 63, 8). Evaporate in a porcelain dish, on the water-bath, 
nearly to dryness, taking- care not to heat the water-bath quite to 
boiling. Pour sjiirit of wine of about 80 per cent, over the residue, 
mix with care ; let it stand for some time, and then transfer the 
bichloride of platinum and chloride of potassium, which remains un- 
dissolved, to a weighed filter (which may be readily done by means of 
a washing bottle filled with spirit of wine). Wash with spirit of wine, 
dry at 130®, and weigh. An asbestos filtering tube (fig. 68, p. 79) 
is generally to be recommended. After the fluid has been removed as 
much as pofesible from the tube by suction, it is dried by being inserted 
in a somewhat wider tube, about 4 cm. shorter, which is fixed in tlie air- 
batii (hg. 38, p. 48). Air is then slowly drawn through the tube, 
while the air-bath is heated, finally at 130° for a considerable time. 
The current of air should be dried by concentrated sulphuric acid, and 
should enter the tube at the wide end. When the drying is finished, 
and the tube is weighed, it is easy to convert the precipitate into 
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platinum by way of control. For this purpose hydrogen is transmitted 
through the tuue while it is heated with the lamp. The chloride of 
potassium is then extracted w ith water, the tube is dried again, and the 
platinum is weighed, 1 eq. = 1 eq. potassium. 

If a paper filter is used, dry it first at 100° and weigh, then de- 
termine the loss of weight at 180° by taking some of the same paper, 
and calculate what the filter would weigh at 180°. 

/3. Potassa salts with non-volatile acids (phosphoric acid, boracic 
acid, &c.). 

Make a concentrated solution of the salt in wmter, add some hydro- 
chloric acid, and bichloride of platinum in excess, mix with a tolerable 
quantity of the strongest alcohol, let the mixture stand 24 hours; 
after wdiich filter, and proceed as directed in a. 

Projierties of the precipitate, § 08. This method, if properly 
e^recuted, gives satisfactory results. Still there is generally a trifling 
loss of substance, bichloride of platinum and chloride of potassium not 
being absolutely insoluble even in strong alcohol. In accurate analyses, 
therefore, the alcoholic washings must be evaporated, with addition of 
water and a little pure chloride of sodium, at a temperature not exceed- 
ing 75°, neaily to dryness, and the residue treated once more with 
spirit of wdne. A trilling additional amount of bichloride of ])latinum 
and chloride of jiotassium is thus obtained, which is either added to the 
principal precipitate or collected on a separate small filter, and de- 
teimined as platinum, by the method given bedow. The object of the 
addition of a little chloiide of sodium to the bichloride of platinum is 
to obviate the dccomj»osition to which jmre bichloride of jdatinum is 
more liable, upon evajuiration in alcoholic solution, than the bichloride 
containing sodio-biclilonde of platinum. I'he atmosjdiere of a laboratory 
often contains ammonia, wdiirii might give rise to the formation of some 
cliloride of platinum and aiiifiionium, and to a consequent increase of 
weight in the potassium salt. 

As collecting a jirecqutate upon a weighed paper filter is a rather 
tedi(*us process, and, besides, not over accurate, where w^e have to deal 
with minute (juantitu's of substance, it is better, if w^e do not prefer a 
filtering tube, to collect small portions (up to about *03 grin.) of bichlo- 
ride of platinum and chloriile of pola^^iuiii upon a very small iinweighed 
filter, — dry, and transfer the filter, wntli the jirecipitate wrapjied up in 
it, to a small porcelain crucible. Cover the crucible, and let the filter 
slowlv char; remove the cover, burn the carbon of the filter, and let 
the crucible get cold. Put now a very minute jiurtiun of juire oxalic 
acid into the crucible, cover, and ignite, gently at first, finally to a 
strong red heat. 3'lie addition of tlui oxalic acid greatly promotes the 
complete decom])()siTion of the bichloride of jilatinurn and chloride of 

E otassium, which cannot well be effected by simple ignition. It need 
ardly be mentioned that a current of hydrogen may be substituted for 
the oxalic acid. Treat the contents of the crucible now with w^ater, 
and wash the residuary platinum, jireferably by decantation, until the 
last rinsings remain clear upon addition of nitrate of silver. Dry the 
residuary platinum, ignite, and weigh. 

5. Estimation as Silicqfluuride of Potassium. 

To the moderately concentrated solution of the potash salt in a 
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beaker add a sufficiency of hydrofliiosilicic acid,* and then an equal 
volume of pure strong* spirit If the potash salt was difficultly soluble 
(such as bichloride of platinum and chloride of potassium), warm it with 
the hydrofluosilicic acid before adding* the spirit. The silicoHuoride of 
potassium will separate as a translucent precipitate ; when it has settled, 
filter, wash out the beaker w*ith a mixture of equal parts strong spirit 
and water, and wash the precipitate w^ith the same mixture till the 
washings are no longer acid to litmus paper. Put the filter and preci- 
pitate into the beaker previously used, treat with water, add some 
tincture of litmus, heat to boiling, and add normal alkali solution 
(§ 215), or, in the case of small quantities, decinormal alk*dli solution, 
till the fluid is just blue, and remains so after continued boiling. The 
reaction is as follows: — Kb^SiF^ + 2K() = JiKP + SiO.^, consequently 
2 eq. alkali in the standard solution correspond to 1 eq. p^otash originally 
present and precipitated as silicofluoride of potassium (Fr. Stolba+). ’ 
If the solution of the potash salt contains much free acid, particu- 
larly sulphuric acid, this is to be removed b}^ heat before adding the 
hydrofliiosilicic acid. Small quantities of ammonia salts are of no in- 
fluence, large (juan titles should be removed. It need hardly be men- 
tioned that other metals ])re(*ipitable by hydrofliiosilicic acid must 
be absent. The results are satisfactory. Stolba obtained 1)0*2 to 100 
per cent. The bichloride of platinum and chloride of potassium maybe 
easily converted into silicofluoride of potassium ; hence, in technical 
analyses, the })otash may be separated in the first form, and then tit- 
rated as the latter (Stulba, he, cit,). 

§ 08. 


2. Soda. 

a. Sohdwn, 

See § 07, a, all the directions given in that ]>lace applying equally 
to the solution of soda and its salts. 


h. Determination. 

Soda is determined eitlier as snljihate of soda or nitrate of soda, or as 
chloride of sodium or as ca/honafe of soda (§ 00). For the alkalimetric 
estim*dtioii of caustic soda and carbonate ot soda, see §§ 210 and 220. 

We may convert into 

1. Sulphate of soda; 2. Nitrate of soda; 3. Chloride 
OF SODIUM : in general the salts of soda corresponding to the salts of 
potassa specified under the analogous potash coinjioimds, § 07. 

4. Carbonate of soda : caustic soda, bicarbonate of soda, and 
salts of soda with organic acids, also nitrate of soda and chloride of 
sodium. 

5. Silicofluoride of sodium : salts of soda with acids soluble 
in weak spirit, except the borate. 

In the borate of soda the alkali is estimated best as sulphate 
(§ 136); in the jihosphate, as chloride, nitrate, or carbonate (§ 135). 

Salts of soda with organic acids are determined either, like the cor- 


* W. Knop and W. "Wolf use hydrofluosiiicate of aniline instead. — Zeitschr. f. 
anal. Chem. 1, 471. 

t Zeitschr. f. anal. Chem. 8, 298, 
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responding potassa compounds, as sulphate, chloride, or nitrate ; or — 
by preference— as carbonate. (This latter method is not so well adapted 
for salts of potassa.) The analyst must here bear in mind, that when 
carbon acts on fusing carbonate of soda, carbonic oxide escapes, and 
caustic soda in not inconsiderable quantity is formed. 

1 . Determination as Sulphate of Soda. 

If alone and in aqueous solution, evaporate to dryness, ignite and 
weigh the residue in a covered platinum crucible (§ 42). The process 
does not involve any risk of loss by decrepitation, as in the case of 
sulphate of potassa. If free sulphuric acid hap})ens to be present, this 
is removed in the same way as in the case of sulphate of potassa. 

With regard to the conversion of chloride of sodium, &c., into sul- 

K ' ite of soda, see under Potassa. For properties of the residue, see 
9. The method is easy, and gives accurate results. 

2. Deterviviation as Nitrate of Soda. 

Same method as in 1. The rules given and the observations made 
under Potassa^ applv equally here. For j)roperties of the residue, see 
§ 69. 

3 . Determination as Chloride of Sodium. 

Same method as in 1. The rules given and the observations made 
under Potassa^ equally here. Chloride of sodium is more diffi- 

cultly volatilized than chloride of potassium. For properties of the 
residue see § 09. 

The methods of converting the sulphate, chromate, chlorate, and 
silicate of soda into chloride of sodium, will be found in Part II. of 
this Section, under the heads of the acids which these salts contain. 

4. Determination as Carhonate of S/fda. 

Evaporate the aqueous solution, ignite moderately, and weigh. The 
results are perfectly accurate. For jirojierties of the residue, see § 09. 

Caustic soda is converted into the carbonate by adding to its aqueous 
solution carbonate of ammonia in excess, evaporating at a gentle heat, 
and igniting the residue. 

Bicarbonate of soda, if in the dry state, is converted into the car- 
bonate by Ignition. I'he heat mii‘^t be very gradually increased, and 
the crucible kept well covered. If in aqueous solution, it is evapo- 
rated to dryness in a capacious silver or platinum dish, and the residue 
ignited 

Salts of soda with organic acids are converted into the carbonate by 
ignition in a covered platinum crucible. The heat must be increased 
very gradually. When the mass has ceased to swell, and the carboniza- 
tion is ended, add water, warm, filter off the carbon, wash it, evaporate 
the filtrate and washings to dryness with addition of carbonate of 
ammonia, and ignite the residue. The carbonate of ammonia is to re- 
convert any soda that may have formed into carbonate. The method, 
if carefully conducted, gives accurate results ; however, a small loss of 
soda on carbonization is not to be avoided. The carbon on the filter 
is to be burnt. If any residue remains soluble in water, dissolve it 
and add it to the principal solution. 

Nitrate of soda, or chloride of sodium, may be converted into car- 
bonate, by adding to their aqueous solution perfectly pure oxalic acid 
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in moderate excess, and evaporating several times to dryness, with re- 
peated renewal of the water. All tne nitric acid of the nitrate of soda 
escapes in this process (partly decomposed, partly undecomposed) ; and 
equally so all tne hydrochloric acid in the case of chloride of sodium. 
It the residue is now ignited until the excess of oxalic acid is removed, 
carbonate of soda is le^ 

§ 99. 

3. Ammonia. 

a. Solution, 

Ammonia is soluble in water, as are all its salts with those acids 
which claim our attention here. It is not always necessary, however, 
to dissolve the amraoniacal salts for the purpose of determining the 
amount of ammonia contained in them. 

• 

h. Determination, 

Ammonia is weighed, as stated, § 70, either in the form of chlo'nde 
of ammmium^ or in that oihichloride of platinum and chloride of ammonium, 
into these forms it may be converted either directly or indirectly 
after expulsion as ammonia, and re-combination with an acid). Occa- 
sionally it is determined by separation as jdatinum salt, and weighing 
the platinum. It is also frequently determined by volumetric analysis, 
and its quantity is sometimes inferred, from the volume of nitrogen! 

We convert directly into 

1. Chloride of ammonium : Ammonia and its aqueous solution, 
and also ammoniacal salts with weak volatile acids (carbonate of 
ammonia, sulphide of ammonium, &c,), 

2 . Bichloride of platinum and chloride of ammonium : 
Ammoniacal salts v/ith acids soluble in alcohol, such as sulphate of am- 
monia, phosphate of ammonia, &c, 

3. The methods based on the expulsion of the ammonia from 
its compounds, and also that of inferring the amount of ammonia from 
the volume of nitrogen are equally applicable to all ammoniacal salts. 

The expulsion of ammonia in the dry way (by ignition with soda- 
lime), and the estimation of that alkali from the volume of nitrogen 
eliminated in the dry way, being effected in the same manner as the 
estimation of the nitrogen in organic com})ounds, I refer the student to 
the Section on organic analysis. The estimation of ammonia by de- 
composing its compounds with a bromized solution of hypochlorite of 
soda, will be given under the Analysts of Soils in the Special Part. Por 
the alkalimetric estimation of free ammonia, see §§ 219 and 220. For 
the colorimetric method depending on the use of Kessler's solution, 
see the Analysis of Water (§ 205). 

1. Determination as CMoride of Ammonium, 

Evaporate the aqueous solution of the chloride of ammonium on 
the water-bath, and dry the residue at 100° until the weight remains 
constant (§ 42). The results are accurate. The volatilization of the 
chloride is very trifling. A direct experiment gave 99*94 instead of 
100. (See Expt. 15.) The presence of free hydrochloric acid makes no 
difierence ; the conversion of caustic ammonia into chloride of ammo- 
nium may accordingly be effected by supersaturating with hydrochloric 

QUANT. VOL. 1. N 
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acid.* The same applies to conversion of the carbonate, with this 
addition only, that the process of supersaturation must be conducted 
in an obliquely-placed flask, and the mixture heated in the same, till 
the carbonic acid is driven off. In the analysis of sulphide of ammo- 
nium we proceed in the same way, taking* care simply, after the expul- 
sion of the sulphuretted hydrogen, and before proceeding to evaporate, 
to filter off the sulphur which may have separated. Instead of weighing 
the chloride of ammonium, its quantity may be inferred by the aeter- 
mination of its chlorine according to § 141, i. (Comp, chloride of potas- 
sium, § 97, t3.) 

2. Determination as Bichloride of Platinum and Chloride of Ammonium, 

a, Ammoniacal salts with volatile acids. 

Same method as in § 97, 4, a* 

Ammoniacal salts with non-volatile acids. 

Same method as in § 97, 4, /3. The results obtained by these 
methods are accurate. 

If you wish to control the results, ignite the double chloride, and 
calculate the amount of ammonia from that of the residuary platinum. 
The results must agree. If the double salt is in a filtering tube, pass 
a slow current of air through it, and heat very cautiously with the 
lamp. If the double salt is m paper, it is best to wrap it in the filter, 
place it in a crucible, heat it with the lid on for some time moderately, 
and then removing the lid and supporting the crucible obliquely to 
raise the heat gradually and burn the charred filter (H. Rose). If 
the double salt is pure, which may be known from its color and general 
appearance, this control is unnecessary. Want of due caution in 
heating is apt to lead to loss, from particles of the double salt being 
carriea away with the chloride of ammonium. Very small quantities 
of bichloride of platinum and chloride of ammonium are collected on an 
unweighed filter, dried, and at once reduced to platinum by ignition.f 

Estimation hy Expulsion of the Am/inonia in the Wet Way, 

This ujcthod, which is applicable in all cases, may be effected in 
three different w^ays. 

a. Expulsion of the ammonti bv distillation with po- 
TASSA, SODA, MILK OF LIME, OR MAGNESIA. — The latter is used in 
the presence of nitrogenous organic matter, which might yield am- 
monia on boiling with alkalies or lime. 

Weigh the substance in a small tube 3 cm. long and 1 cm. wide, 
and transfer the tube and substance to a small tubulated retort a 
(fig. 78), containing a suitable quantity of moderately strong potash, 
soda, milk of lime, or magnesia mixed with water, which should have 
been previously boiled for some time to drive out every trace of am- 
monia, and then allowed to cool thoroughly. The further arrangement 
of the apparatus will be understood from the figure. The distillate 
must not come in contact with any cork or india-rubber, which would 
be liable to retain some of it. 

* Gunning (Zeitschr. f. apal. Ghem.) haa pointed out that fluids may become 
contaminated during evaporation with ammonia from the presence of the latter in 
ooal gas. 

f In a series of experiments to get the platinum from pure and perfectly anhy- 
drous animonio-bicbloride of platinum, by cautious ignition, Mr. Luoius, one of my 
pupils, obtained from 44*1 to 44*3 per cent, of the metal, instead of 44*3. 
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If you wish to determine volumetrically the quantity of ammmia expelled^ 
introduce the principal portion of a measured quantity of standard 
hydrochloric, sulphuric or oxalic acid (§ 215), into the receiver, the 
remainder into the U-tube ; add to the latter a little water, and color 



Fig. 78. 

the liquids in the receiver and U-tube red with tincture of litmus. 
The coolinj^ tube must not dip into the fluid in the receiver ; the fluid 
in the U-tube must completely fill the lower part, but it must not 
rise high, as otherwise the passage of air bubl)les might easily occasion 
loss by spirting. The quantity of acid used must of course be more 
than suflicient to fix the whole of the ammonia expelled. 

When the apparatus is fully arranged, and you have ascertained 
that all the joints are perfectly tight, heat the contents of the retort 
to gentle ebullition, and continue the application of the same degree 
of neat until the drops, as they fall into the receiver, have for some 
time altogether ceased to impart the least tint of blue to the portion 
of the fluid with which they first come in contact. Before ceasing to heat, 
fix a strip of turmeric paper in the tubulure of the retort and satisfy 
yourself tnat it is not turned brown. Loosen the stopper of the retort, 
allow to stand half an hour, pour the contents of the receiver and U-tube 
into a beaker, rinsing out with small quantities of water, determine 
finally with a standard solution of soda the quantity of acid still free, 
which, by simple subtraction, will give the amount of acid which has 
combined with the ammonia; and from this you may now calculate 
the amount of the latter (§ 220). Hesults accurate. (Expt. No. 55.) 

If you wish to determine by the gravimetric method the quantity of am- 
mmia expelled, receive the ammonia evolved in a quantity of hydro- 
chloric acid more than suflicient to fix the whole of it, and determine 
the chloride of ammonium formed, either by simple evaporation after 
the directions of 1, or as ammonio-bichloride of platinum after the 
directions of 2. The latter method is much to be preferred. 

h . Expulsion of the ammonia by milk of lime, without 
application of heat. — This method, recommended by Schlosino, 
is based upon the fact that an aqueous solution containing free ammonia 

N 2 
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gives off the latter completely, and in a comparatively short time, when 
exposed in a shallow vessel to the air, at the common temperature. It 
finds application in cases where the presence of organic nitrogenous 
substances, decomposable by boiling alkalies or'alkaline earths, forbids 
the use of the method described in 3, a; thus, for instance, in the 
estimation of the ammonia in urine, <fec. 

The fluid containing the ammonia, the volume of which must not 
exceed 35 c.c., is introduced into a shallow flat-bottomed vessel from 
10 to 12 centimetres in diameter ; this vessel is put on a plate filled 
with mercury. A tripod, made of a massive glass rod, is placed in the 
vessel which contains the solution of the ammoniacal salt, and a saucer 
or shallow dish with 10 c.c. of normal oxalic or sulphuric acid (§ 215) 

t mt on it A beaker is now inverted over the whole. The beaker is 
ifted up on one side as far as is required, and a sufficient quantity of 
nailk of lime added by means of a pipette (which should not be drawn 
out at the lower end). The beaker is then rapidly pressed down, and 
weighted with a stone slab. After forty-eight hours the glass is lifted 
up, and a slip of moist reddened litmus paper placed in it ; if no change 
of color is observable, this is a sign that tne expulsion of the ammonia 
is complete ; in the contrary case, the glass must be replaced. Instead 
of the beaker and plate with mercury, a bell-jar, with a ground and 
greased rim, placed air-tight on a level glass plate, may be used. A 
bell -jar, having at the top a tubular opening, furnished with a close- 
fitting glass stopper, answers the purpose best, as it permits the in- 
troduction of a slip of red litmus paper suspended from a thread ; thus 
enabling the oj)erator to see whether the combination of the ammonia 
with the acid is completed, without the necessity of removing the bell- 
jar. According to Scu losing, forty-eight hours are always sufficient 
to expel *1 to 1 gramme of ammonia from 25 to 35 c.c. of solution. 
However, I can admit this statement only as regards quantities up 
to *3 grm. ; quantities above this often require a longer time. 1, 
therefore, always prefer operating with quantities of substance con- 
taining not more than '3 grm. ammonia. 

When all the ammonia has been expelled, and has entered into 
combination with the acid, the quantity of acid left free is determined 
by means of standard solution of soda, and the amount of the ammonia 
calculated from the result (§ 220). 

c. Indirect method after Fr. Mohr.* — In this method a 
known quantity of alkali, in excess, is heated with water and the 
ammonia salt till all the ammonia has escaped, the alkali in the residue 
is then estimated volumetrically, and the ammonia equivalent to the 
alkalinity lost is calculated. The method has but limited application, 
since it can only be used in the analysis of neutral ammonia salts in 
the absence of organic matter.f It is however convenient and exact, 
and may be conducted in a simple flask supported obliquely. As alkali 
you may use either normal soda solution or normal carbonate of soda 
solution (53*04 grm. in 1 litre). The boiling should be stopped when 
the fumes escaping cease to act on litmus and turmeric paper, 

* H is Lehrbuch der Titrirmethode. 

t Even organic mattei free from nitrogen has an injurious action, as when boiled 
with alkali it will yield humus-like products of decumpositiou with an acid nature. 
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§ 100 . 

Supplement to the First Group, 

LITHIA. 

In the absence of other bases, lithia may, like potassa and soda, 
be converted into anhydrous sulphate, and weighed in that form 
(LiOjSOg). As lithia forms no acid sulphate, the excess of sulphuric 
acid may be readily removed by simple ignition. Carbonate of 
LITHIA also, which is difficultly soluble in water, and fuses at a red 
heat without decomposition, is well suited for weighing ; whilst chlo- 
ride of lithium, which deliquesces in the air, and is by ignition in 
moist air converted into hydrochloric acid and lithia, is unfit for the 
estimation of lithia. • 

In presence of other alkalies, lithia is best converted into basic 
PHOSPHATE OF LITHIA (3LiO,POJ, and weighed in that form. This 
is effected by the following process : add to the solution a sufficient 
quantity of phosphate of soda (which must be perfectly free from 
phosphates of the alkaline earths), and enough soda to keep the 
reaction alkaline, and evaporate the mixture to dryness ; pour water 
over the residue, in sufficient quantity to dissolve the soluble salts with 
the aid of a gentle heat, add an equal volume of solution of ammonia, 
digest at a gentle heat, filter alter twelve hours, and wash the pre- 
cipitate with a mixture of equal volumes of water and solution of 
ammonia. Evaporate the filtrate and first washings to dryness, and 
treat the residue in the same way as before. If some more phosphate 
of lithia is thereby obtained, add this to the principal quantity. The 
process gives, on an average, 99*61 for 100 parts of lithia (Mayer*). 

If the quantity of lithia present is relatively very small, the larger 
portion of the potassa or soda compounds should first be removed by 
addition of absolute alcohol to the most highly concentrated solution of 
the salts (chlorides, bromides, iodides, or nitrates, but not sulphates) ; 
since this, by lessening the amount of water required to effect the 
separation of the phosphate of lithia from the soluble salts, will prevent 
loss of lithia (W. MAYEiif). 

The precipitated basic phosphate of lithia has the formula 3LiO, 
PO^ + aq. It dissolves in 2539 parts of pure, and 3920 parts of ammo- 
niated water ; at 100° it completely loses its water ; if pure, it does not 
cake at a moderate red heat (Mayer). 

The objections raised by liAMMELSBERot to Mayer’s method of 
estimating lithia I find to be ungrounded. According to my own 
experience, it appears that the filtrate and wash- water must be eva- 
porated in a platinum dish not only once, but at least twice — in fact, 
till a residue is obtained which is completely soluble in dilute ammonia. 
Phosphate of lithia may be dried at 100®, or ignited according to § 53, 
before being weighed. In the latter case, care must be taken to free 
the filter as much as possible from the precipitate before proceeding to 
incinerate it. I have thus obtained, § instead of 100 parts carbonate 

* Annal. d. Chem. u. Pharm. 98, 212. 

t Annal d. Chem. u. Pharm. 98, 193, where Mayer has also demonstrated the 
non-existence of a phosphate of soda and lithia of fixed composition (Berzelius), or 
of varying composition (Bammelsbebg). 

t Po^rg. AnnaL 102, 443. g Zeitschr. f. Analyt. Chem. 1, 42. 



m 


TITCTF.TIMTW A TTOW. 



of lithia, by drying, 99*84, 99*89, 100*41, — ^by imiting, 99*66 and 
100*06. The phosjmate of lithia obtained was free rrom soda. 


SECOND GROUP. 

BARYTA — STRONTIA — LIME — MAGNESIA. 

§ 101 . 

1. Baryta. 

a. Solution, 

Caustic baryta is soluble in water, as are many of the salts of this 
alkaline earth. The salts of baryta which are insoluble in water are, 
with almost the single exception of the sulphate and silicofluoride 
readily dissolved by dilute hydrochloric acid. The solution of the 
sulphate is elFected by fusion with the mixed carbonates of soda and 
potassa, &c, (See § 132.) Silicofluoride ot‘ barium may be readily 
converted into the sulphate by heating and evaporating with moderately 
dilute sulphuric acid in a platinum dish ; it may also be conveniently 
decomposed by fusing with carbonate of potassa and soda. 

b. Determination, 

Baryta is weighed either as sulphate^ or as carbonate, rarely (in the 
separation from strontia, <fe;c.) as mhcopuoride of hariuvi or as chromate 
oj baryta (§ 71). Baryta in the pure state, or in form of carbonate, 
may also be determined by the alKalimetric method. Comp. § 223. 

We may convert into 

1. Sulphate of baryta : 

a. By Precipitation. — All compounds of baryta without exception. 

b. By Bvaporation. — All compounds of baryta with volatile acids, if 
no other non-volatile body is present. 

2. Carbonate of baryta : 

a. All salts of baryta soluble in water. 

b. Salts of baryta with organic acids. 

Baryta is both precipitated and weighed, by far the most frequently 
as sulphate, the more so as this is the form in which it is most con- 
veniently sepaittced from other bases. The determination by means of 
evaporation is, in cases where it can be applied, and where we are not 
obliged to evaporate large quantities of fluid, very exact and con- 
venient. Baryta is determined as carbonate in the wet way, when 
from any reason it is not possible or not desirable to precijiitate it as 
sulphate. B a fluid or dry substance contains bodies which impede 
the precipitation ol the baryta as sulphate or carbonate (alkaline citrates, 
metaphosphoric acid, see § 71, a and b), such bodies must of course be 
got rid of, before proceeding to precipitation. The precipitation of Wy ta 
as silicofluoride and as chromate will be described under the separation 
from strontia, § 154. 

1. Determination as Sulphate of Baryta, 
a. By Precipitation. 

Heat the moderately dilute solution of baryta, which must not 
contain too much free acid (and must, therefore, if necessary, flrst be 
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freed therefrom by evaporation or addition of ammonia), in a platinum 
or porcelain dish, or in a glass vessel, to incipient eWllition, add 
dilute sulphuric acid, as long as a precipitate forms, keep the mixture 
for some time at a temperature very near the boiling point, stirring if 
not on a water bath, and allow the precipitate to subside ; decant the 
almost clear supernatant fluid on a filter, boil the precipitate once with 
water and a little dilute sulphuric acid, then three or four times with 
water, transfer it to the filter, and wash with boiling water, until the 
filtrate is no longer rendered turbid by chloride of barium. Dry the 
precipitate, and treat it as directed in § 58, using only a moderate red 
heat If the precipitate has been properly washed in the manner here 
directed, it is perfectly pure. However, in the presence of alkaline 
salts the precipitate will still contain small quantities of alkaline sul- 
phate, see § 158. 

h. By Evaporation. 

Add to the solution, in a weighed platinum dish, pure sulphuric 
acid very slightly in excess, and evaporate on the water-bath ; expel 
the excess of sulphuric acid by cautious application of heat, and ignite 
the residue moderately. 

For the properties of sulphate of baryta, see § 71. 

Both methods, if carefully executed, give almost absolutely accurate 
results. 

2. Determination as Carbonate of Baryta. 

a. In Solutions. 

Mix the moderately dilute solution of the baryta salt, in a beaker 
with ammonia, add carbonate of ammonia in slight excess, and let the 
mixture stand several hours in a warm j)hice. Filter, wash the preci- 
pitate with water mixed with a little ammonia, dry, and ignite mode- 
rately (§ 58). 

For the properties of the precipitate, see § 71. This method in- 
volves a trifling loss of substance, as the carbonate of baryta is not 
absolutely insoluble in water. The direct experiment, No. 56, gave 
99*79 instead of 100. If the solution contains a notable quantity of 
ammoniacal salts, the loss incurred is much more considerable, since 
the presence of such salts greatly increases the solubility of the carbo- 
nate of baryta. 

b. In Salts of Baryta with Organic Acids. 

Heat the salt slowly in a covered platinum crucible, until no more 
fumes are evolved; place the crucible obliquely, wdth the lid leaning 
against it, and ignite, until the whole of the carbon is consumed, and 
the residue presents a perfectly white appearance : moisten the residue 
with a concentrated solution of carbonate of ammonia, evaporate, ignite 
gently, and weigh. The results obtained by this method are quite 
satisfactory. A direct experiment. No. 57, gave 99*61 instead of 100. 
The loss of substance, which almost invariably attends this method, is 
owdng to particles of the salt being carried aw’^ay upon ignition, and is 
accordingly the less considerable, the more slowly and gradually the 
heat is increased. Omission of the moistening of the residue with car- 
bonate of ammonia would involve a further loss of substance, as the igni- 
tion of carbonate of baryta in contact with carbon is attended with 
formation of some caustic baryta, carbonic oxide being evolved. 
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§102. 

2., Strontia. 

a. Solution, 

See the preceding* paragraph (§ 101, «), the directions there given 
applying equally here. Siliconuoride of strontium is readily and com- 
pletely soluble in water acidified with hydrochloric acid. 

h. Determination, 

Strontia is weighed either as sulphate or as carhonate of strontia 
(§ 72). Strontia in the pure state, or in form of carbonate, may be 
determined also by the alKalimetric method. Comp. § 223. 

We may convert into 

1. Sulphate of strontia : 

a. By Precipitation, — All compounds of strontia without exception. 

h. By Evaporation, — All salts of strontia with volatile acids, if no 
other non-volatile body is present. 

2. Carbonate of strontia: 

a. All compounds of strontia soluble in water. 

b. Salts of strontia with organic acids. 

The method based on the precipitation of strontia with sulphuric 
acid yields accurate results only in cases where the fluid from which 
the strontia is to be precipitated may be mixed, without injury, with 
alcohol. Where this cannot be done, and where the method based on 
the evaporation of the solution of strontia with sulphuric acid is equally 
inapplicable, the conversion into the carbonate ought to be resorted to 
in preference, if admissible. As in the case of baryta, so here, we have 
to be on our guard against the presence of substances which would 
impede precijiitation. 

1. Determination as Sulphate of Strontia, 
a. By Precipitation, 

Mix the solution of the salt of strontia Twhii h must not be too dilute, 
nor contain much free hydrochloric or nitric acid) with dilute sulphuric 
acid in excess, in a beaker, and add, at least an equal volume of alcohol ; 
let the mixture stand twelve hours, and filter ; wash the precipitate with 
dilute spirit of wine, dry and ignite (§ 53). 

If the circumstances of the case prevent the use of alcohol, the fluid 
must be precipitated in a tolerably concentrated state, a good excess of 
sulphuric acid must be used (in the presence of chloride of potassium, 
sodium or magnesium this is particularly necessary), and the mixture 
must be allowed to stand in the cold for at least twenty-four hours, 
filtered, and the precipitate washed with cold water, until the last 
rinsings manifest no longer an acid reaction, and leave no perceptible 
residue upon evaporation. If traces of free sulphuric acid remain ad- 
hering to the filter, the latter turns black on drying, and crumbles to 
pieces ; too protracted washing of the precipitate, on the other hand, 
tends to increase the loss of suostance. 

Care must be taken tliat the precipitate be thoroughly dry, before 
proceeding to ignite it; otherwise it will be apt to throw oft tine par- 
ticles dunng the latter process. The filter, which is to be burnt apart 
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from the precipitate, must be as clean as possible, or some loss of sub- 
stance will be incurred ; as may be clearly seen from the depth of the 
carmine tint of the flame with which the niter burns if the precipitate 
has not been properly removed. 

For the properties of the precipitate, see § 72. When alcohol is 
used and the directions given are properly adhered to, the results are 
very accurate ; when the sulphate of strontia is precipitated from an 
aqueous solution, on the contrary, a certain amount of loss is unavoid- 
able, as sulphate of strontia is not absolutely insoluble in water. The 
direct experiments, without the use of alcohol (No. 68), gave only 98*12 
and 98*02 instead of 100. However, the error may be satisfactorily 
rectified, by calculating the amount of sulphate of strontia dissolved in 
the filtrate and the wash-water, basing the calculation upon the known 
degree of solubility of sulphate of strontia in acidified and pure water. 
See Expt. No. 69, which, with this correction, gave 99*77 instead of 10(5. 
The necessity for making the correction may be obviated by washing 
with 1 part of sulphuric acid mixed with 20 parts water till all sub- 
stances precipitable by spirit are removed, then with spirit till all the 
sulphuric acid is removed. Sulphate of strontia also carries down, if 
not to the same extent as sulphate of baryta, the sulphates of other 
strong bases in small quantity. Compare § 163. 

h. By Evaporation, 

The same method as described for baryta, § 101, 1, I, 

2. Determination as Carbonate of Strontia. 

a. In Solutions, 

The same method as described § 101, 2, a. For the properties of 
the precipitate, see § 72. The method gives very accurate results, at 
least far more accurate than the determination with sulphuric acid in 
aqueous solution when no correction is made ; as carbonate of strontia 
is practically insoluble in water containing ammonia and carbonate of 
ammonia. A direct experiment, No. 60, gave 99 '82 instead of 100. 
Presence of ammoniacal salts exercises here a less adverse influence than 
in the precipitation of carbonate of baryta. 

b. In Salts with Organic Acids. 

The same method as described § 101, 2, b. The remarks made 
there, resjiecting the accuracy of the results, apply equally here. 

§ 103. 

3. Lime. 

a. Solution. 

See § 101, a. — Fluoride of calcium is, by means of sulphuric acid, 
converted into sulphate of lime, and the latter again, if necessary, 
decomposed by boiling or fusing with an alkaline carbonate (§ 132). 

b. Determination. 

Lime is weighed either as sulphate, as carbonate of lime, or as caustic 
lime (§ 73). It may be brought into the first form by evaporation, or 
by precipitation ; into the two latter, by precipitation as oxalate, or as 
carbonate, or by ignition. Lime in the pure state, or in form of car- 
bonate, may be determined also by the alkalimetric method. Comp. 
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§ 223. The volumetric estimation may also be easily made if the lime 
is precipitated as oxalate^ either by a direct or an indirect method. 

We may convert into 

1. Sulphate of lime. 

a. j&y Precipitation : All salts of lime with acids soluble in alcohol, 
provided no other substance insoluble in alcohol be present. 

h. By Evaptrration : All salts of lime with volatile acids, provided 
no non-volatile body be present 

2. Carbonate of lime, or Lime. 

a. By Precipitation with carhomte of ammonia : All salts of lime 
soluble in water. 

^ h. By Precipitation with oxalate of ammonia : All salts of lime soluble 
in water or in hydrochloric acid without exception. 

c. By Ignition : Salts of lime with organic acids. 

Of these several methods, 2, is the one most frequently resorted 
to. This, and the method 1, give the most accurate results. The 
method, 1, is usually resorted to only to effect the separation of lime 
Irom other bases ; 2, a, generally only to effect the separation of lime 
together with other alkaline eartfis from the alkalies. As many bodies 
(alkaline citrates, and metaphosphates) interfere with the precipitation 
of lime by the precipitants given, these, il‘ present, must oe first 
removed. 

3. The VOLUMETRIC modes of estimation, which are particularly to 
be recommended when a considerable number of determinations are 
required, will be described after the gravimetric modes. 

1. Determination as Sulphate of Lime. 

a. By Precipitation. 

Mix the solution of lime, which may contain a little free hydro- 
chloric acid, in a beaker, with dilute sulphuric acid in excess, and add 
three or four volumes of alcohol ; let the mixture stand twelve hours, 
filter, and thoroughly wash the precipitate with spirit of wine, dry, and 
ignite moderately (§ 53). For the properties of the precipitate, see 
§ 73. The results are only slightly too low. A direct experiment, 
No. 61, gave 99*04 instead of 100. 

h. By Evaporation. 

The same method as described § 101, 1, h. 

2. Determination as Carbonate of Lime y or Lime. 

a. By Precipitation with Carbonate of Ammonia. 

The same method as described § 101, 2, a. The precipitate must be 
exposed only to a very gentle red heat, but this must be continued for 
some time. For the properties of the precipitate, see § 73. This 
method gives very accurate results, the loss of substance incurred 
being hardly wortn mentioning. If the solution contains chloride of 
ammonium or similar ammoniacal salts in considerable proportion, the 
loss of substance incurred is far greater. The same is the case if the 
precipitate is washed with pure instead of ammoniacal water. A direct 
experiment, No, 62, in which pure water was used, gave 99*17 instead 
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of 100 parts of lime.^ If it is feared that any caustic lime has formed 
througn the heat being too hi^h^ moisten the residue with water^ add a 
lump of carbonate of ammonia, allow to evaporate slowly, and heat 
again to gentle redness, that is, till the bottom of the crucible is just 
dull red. If a gas blowpipe can be used, the carbonate of lime may be 
converted into lime by prolonged strong ignition, and weighed as such : 
compare 

h. By Precipitation with Oxalate of Ammoma. 

a. The Lhne Salt is soluble in Water. 

To the hot solution in a beaker, add oxalate of ammonia in moderate 
excess, and then ammonia sufficient to impart an ammoniacal smell to 
the fluid ; cover the glass, and let it stand in a warm place until the 
precipitate has completely subsided, which will require twelve hours^ 
at least. Pour the clear fluid cautiously, so as to leave the precipitate 
undisturbed, on a filter ; wash the precipitate two or three times by 
decantation with hot water \ lastly, transfer the precipitate also to the 
Alter, by rinsing with hot water, taking care, before the addition of a 
fresh portion, to wait until the fluid has completely passed through the 
filter.! Small particles of the precipitate, adhering firmly to the glass, 
are removed with a feather, or a glass rod covered at the end w^ith a 
piece of flexible tube. If this fails to effect their complete removal, 
they should be dissolved in a few drops of highly dilute hydrochloric 
acid, ammonia added to the solution, and the oxalate obtained, after it 
has settled, added to the first precipitate. Deviations from the rules 
laid down here will generally give rise to the passing of a turbid fluid 
through the filter. After having washed the precipitate, dry it on the 
filter in the funnel, and transfer the dry precipitate to a platinum 
crucible, taking care to remove it as completely as possible from the 
filter ; burn the filter on the lid or on a piece of platinum wire, letting 
the ash drop into the lid ] now' put the latter, inverted, on the crucible, 
so that the filter ash may not mix with the precipitate ; heat at first 
very gently, then more strongly, until the bottom of the crucible is 
heated to very faint redness. Keep it at that temperature from ten to 
fifteen minutes, removing the lid from time to time. I am accustomed 
during this operation to move the lamp backw'^ards and forwards under 
the crucible with the hand, since, if you allow it to stand, the heat may 
very easily get too high. Finally allow to cool in the desiccator and 
weigh. After weighing, moisten the contents of the crucible, which 
must be perfectly w'hite, or barely show the least tinge of gray, with a 
little water, and test this after a time with a minute slip of turmeric 
paper. Should the paper turn brown — a sign that the heat applied w as 
too strong — rinse otf the fluid adhering to the paper with a little water, 
into the crucible, throw in a small lump of pure carbonate of ammonia, 
evaporate to dryness (best on the water-bath), heat to very faint 

* Fbitzbohb (Zeitschr. f. anal. Chem. 8, 179) and A. Gossa {Ih, 8 , 141) in con- 
verting precipitated carbonate of lime into lime obtained somewhat too little (about 
99'7 instead of 100). But I think this may be explained by supposing that the car- 
bonate of lime employed (Fbitzschb dri^ his at 160°) was not anhydrous, which 
Fbitzsoub himself hints. 

In order to make the oxalate of lime settle more rapidly and to filter it off clear 
more readily, Muck recommends the addition of 1 c.c. of ammonia alum solution, con- 
taining *001 grm. alumina. An excess of ammonia must be avoided, and *001 must 
be deducted from the weight of lime obtained (Zeitschr. f, anal. Chem. 9, 451). 
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redness, and weigh the residue. If the weight has inoreas^, repeat 
the same operation until the weight remains constant. This method 
gives nearly absolutely accurate results ; and if the application of heat 
IS properly managed, there is no need of tlie tedious evaporation with 
carbonate of ammonia. For the properties ^ of the precipitate and 
residue, see § ?8. A direct experiment, No. gave 09*99 instead of 
100. Equally accurate results have l>een obtained by A. Souchay in 
my laboratory,* 

If a gas blowpipe is at hand, or any other arrangement by means of 
which a platinum crucible may be raised to a white heat, the oxalate of 
lime may be converted into cai'stic lime with results almost equally 
accurate ; and I believe that this method, which requires less patience 
than the other, is more certain to yield good results in the hands of many 
jiersons. The oxalate of lime and the filter ash are transferred to a mode- 
rate-sized platinum crucible, which is ignited first over the Bunsen, 
and then for fifteen minutes over the blowpipe. The crucible is then 
weighed, and ignited again for ten minutes more over the hlowjdpp. 
The second ignition over the blowpipe should not reduce the weight. 
It is well to weigh the empty crucible again at the end of the opera- 
tion, as platinum sometimes loses weight after violent and prolonged 
ignition. The results obtained by Fritzsche, Cossa, and Souchay 
(^e, dt) scarcely differ from the calculated numbers. For properties 
of lime, see § 78. 

The oxalate of lime may also he converted into sulphate. 
Sc H ROTTER ignites in a covered platinum crucible with pure sulphate 
of ammonia. Or you may ignite in a covered platinum dish till the 
precipitate is for the most part converted into lime, add a little water, 
then hydrochloric acid to effect solution, then pure sulphuric acid in 
excess, evaporate and ignite moderately. This process is also quite 
accurate. 

Many chemists collect the oxalate on a weighed filter, dry at 
100°, and weigh. The jirecipitate consists of 2CaO,CPg -f 2aq. 
This is, however, more troublesome, and less accurate than the first 
method. 

Tfie Salt is msoluUe in Water. 

Dissolve the salt in dilute hydrochloric acid. If the acid combined 
with the lime is of a nature to escape in this operation {c.g.^ carbonic 
acid), or to admit of its separation by evaporation (c.^., silicic acid), 
proceed, after the removal of the acid, as directed in a. But if the 
acid cannot thus be readily got rid of {e.g.y phosphoric acid), proceed as 
follows : add ammonia until a precipitate begins to form, redissolve 
this with a drop of hydrochloric acid, add oxalate of ammonia in excess, 
and finally acetate of soda; allow the precipitate to subside, and 
proceed for the remainder of the operation as directed in a. In this 
process the free hydrochloric acid present combines with the ammonia 
and soda of the oxalate and acetate, liberating a corresponding quantity 
of oxalic acid and acetic acid, in which acids oxalate of lime is nearly 
insoluble. The loss by this method is very slight. A direct expe- 
riment, No. 64, gave 99*78 instead of 100, 
c. By Ignition, 

The same method as described § 101, 2, h. The residue remaining 
* Zeitschr. f. anal. Ohem. 10, 328. 
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uwn evaporation with carbonate of ammonia (which operation it is 
advisable to perform twice) must be ignited very gently. The re- 
marks made in reference to the accuracy of the results, apply equally 
here. By way of control, the carbonate of lime may be converted into 
the caustic state or into sulnhate of lime (see h, o), or it may be de- 
termined alkalimetrically (§ 2^3). 

3. Volumetric Methods, 

a. For the alkalimetric estimation of caustic lime and carbonate of 
lime, see § 223. Very good results may be obtained from the mixture 
of lime and carbonate of lime, produced by igniting the oxalate 
moderately in the air (Expt. No. 65). 

h. Precipitation as oxalate and direct estimation of the oxalic acid. The 
precipitate is well washed, but not dried, and the oxalic acid is 
estimated by permanganate of potassa (§ 137) ; 9 parts of anhydrous* 
oxalic acid represent 7 parts of lime (Hem pel). Results very erood 
(Expt. No. 65). 

c. Precipitation as oxalate and indirect estimation of the oxalic acid 
(Kraut*). The lime salt must be soluble in water. Place the solu- 
tion in a measuring flask, add an exactly measured quantity of 
decinormal oxalic acid (§ 215), more than sufficient to precipitate the 
lime, add ammonia till alkaline, boil, allow to cool, fill the flask up to 
the mark, shake, filter through a dry filter, measure out an aliquot part 
of the filtrate (not less than one-half), and determine the oxalic acid in 
it by permanganate of potash, according to § 137 j calculate the 
quantity for the whole filtrate, deduct this from the quantity added, 
and the remainder will be the oxalic acid equivalent to the lime present. 

1 c.c. decinormal oxalic acid = *0028 grm. lime. This process is rapid, 
and gives good results. If the amount of lime is small in comparison 
with the volume of the fluid no correction will be necessary on 
account of the space occupied by the oxalate of lime in the measuring 
flask. 

§104. 

4. Magnesia. 

a. Solution, 

Many of the compounds of magnesia are soluble in water ; those 
which are insoluble in that menstruum dissolve in hydrochloric acid, 
with the exception of some silicates and aluminates (see §§ 105 and 140). 

h. Determination, 

Magnesia is weighed (§ 74) as sulphate, as pyrophosphate, or as pure 
maynesia. In the pure state, or in form of carbonate, it may be deter- 
mined also by the alkalimetric method described in § 223. 

We may convert into 

1. Sulphate of magnesia: All compounds of magnesia wdth 
volatile acids, provided no other non-volatile substance be present. 

2. Pyrophosphate of magnesia : All compounds of magnesia 
without exception. 

3. Pure magnesia : 

a. Salts of magnesia with organic acids, or with readily volatile 
inorganic oxygen acids. 

* Chem. Centmlbl. 1856, 316. 
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A Chloride of magnesium, and the compounds of magnesia con- 
vertible into that salt 

The direct determination as sulphate of magnesia is highly recom- 
mended in all cases where it is applicable. The determination as 
pyrophosphate is most generally resorted to; especially also in the 
separation of magnesia from other bases. The method based on the 
conversion of chloride of magnesium into pure magnesia is usually 
resorted to only to effect the separation ol magnesia from the fixed 
alkalies. Compounds of magnesia with phosphoric acid are analysed 
as § 135 directs. 

1. Determination as Sulphate of Magnesi^i, 

Add to the solution pure dilute sulphuric acid in quantity more than 
aJiflicient to combine with the magnesia present, evaporate to dryness, 
in a weighed platinum dish on the water bath ; then heat at first 
cautiously, afterwards, with the cover on more strongly — here it is 
advisable to place the lamp so that the flame may pla}" obliquely on 
the cover from above — until the excess of sulphuric acid is completely 
expelled ; lastly, ignite gently’^ over the lamp for some time ; allow to 
cool, and weigh. Should no ftimes of sulphuric acid escape upon the 
application of a strongish heat, this may be looked upon as a sure sign 
that the sulphuric acid has not been added in sufficient quantity, in 
which case, after allowing to cool, a fresh portion of sulphuric acid is 
added. The method yields very accurate results. Care must be taken 
not to use a very large excess of sulphuric acid. The residue must be 
exposed to a moderate red heat only, and weighed rapidly. For the 
properties of the residue, see § 74. 

2. Determinatwn as Pyrophosphate of Magnesia, 

The solution of the salt of magnesia is mixed, in a beaker, with 
chloride of ammonium, and ammonia added in slight excess. Should a 
precipitate form upon the addition of ammonia, sufficient chloride of 
ammonium must be added to effect its re-solution. The clear fluid is 
then mixed with a solution of phosphate of soda in excess, and the 
mixture stirred, taking care to avoid touching the sides of the beaker 
with the stirring-rod ; otherwise particles of the precipitate are apt to 
adhere so firmly to the rubbed parts of the beaker, that it will bo found 
difficult to remove them ; the beaker is then covered, and allowed to 
stand at rest for twelve hours, without warming; after that time the 
fluid is filtered, and the precipitate collected on the filter, the last par- 
ticles of it being rinsed out oi the glass with a portion of the filtrate, 
with the aid of a feather; when the fluid has completely passed 
through, the precipitate is washed with a mixture of 3 parts of water, 
and 1 part of solution of ammonia of -90 sp. gr., the operation being 
continued until a few drops of the fluid passing through the filter 
mixed with nitric acid ana a drop of nitrate of silver show no opa- 
lescence. The precipitate is now thoroughly dried, and then trans- 
ferred to a platinum crucible (§ 53) ; the latter, with the lid on, is 
exposed for some time to a very gentle heat, which is finally increased 
to intense redness. The filter, as clean as practicable, is incinerated 
on the lid, and the ash transferred to the crucible, which is then once 
more exposed to a red heat, allowed to cool, and weighed. If the pyro- 
phosphate of magnesia is not quite white, moisten it with a few drops 
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of nitric acid, evaporate them off, and heat the residue again, using 
great caution at first. 

For the properties of the precipitate and residue, see § 74. This 
method, if properly executed, yields most accurate results. The pre- 
cipitate must be washed completely, but not over-washed, and the 
washing water must always contain the requisite quantity of ammonia. 

3. Determination as pure Magnesia, 

a. In Salts of Magnesia with Organic or Volatile Inorganic Acids, 

The salt of magnesia is gently heated in a covered platinum cru- 
cible, increasing the temperature gradually, until no more fiimes 
escape ; the lid is then removed, and the crucible placed in an oblique 
position, with the lid leaning against it. A red heat is now applied, 
until the residue is perfectly white. For the properties of the residue, 
see § 74. The method gives the more accurate results the more slowly 
the salt is heated from the beginning. Some loss of substance is 
usually sustained, owing to traces of the salt being carried ofF with the 
empyreumatic products. Salts of magnesia with readily volatile oxygen 
acids (carbonic acid, nitric acid), may be transformed into magnesia in 
a similar way, by simple ignition. Even sulphate of magnesia loses 
the whole of its sulphuric acid when exposed, in a platinum crucible, 
to the heat of the gas blowpipe-fiame (Sonnknschein). As regards 
small quantities of sulphate of magnesia, I can fully confirm this 
statement. 

b. Conversion of Chloride of Magnesium into pure Magnesia, 

The concentrated solution of chloride of magnesium is mixed in a 
porcelain crucible, with pure oxide of mercury shaken up with water, 
in proportion more than sufficient to convert by its oxygen the whole 
of the magnesium present into magnesia. The mixture is evaporated 
on the water-bath, and the residue thoroughly dried ; the crucible is 
now covered, and exposed to a red heat, until the chloride of mercury 
formed is expelled, together with the excess of oxide of mercury. The 
ojierator should carefully guard against inhaling the fumes evolved. 
The residue of magnesia is either weighed at once in the crucible, or if 
the operation had for its object the separation of the earth from the 
alkalies, it is collected upon a filter, washed with hot water, dried, and 
ignited (§ 53). Compare also § 153, B, 4 (17-21), where some other 
methods are given to effect the same purpose, which are often more 
convenient for separation. 

THIRD GROUP OF THE BASES. 

ALUMINA — SESQUIOXIDE OP CHROMIUM — (TITANIC ACID). 

§ 105. 

1. Alumina. 

a. Solution, 

Those of the compounds of alumina which are insoluble in water, 
dissolve, for the most part, in hydrochloric acid. Native crystallized 
alumina (sapphire, ruby, corundum), and many native alumina com- 
pounds, and also artificially produced alumina after intense ignition, 
require fusing with carbonate of soda, caustic potassa, or hydrate of 
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baryta, as a preliminary step to their solution in hydrochloric acid. 
Many alumina compounds clay^ which resist the action of con- 
centrated hydrochloric acid, may be aecomposed by protracted heating* 
with moderately concentrated sulphuric acid, or by fusion with bisul- 
phate of soda. Bisulphate of potassa used to be employed, but it gives 
rise to the formation of a troublesome double salt of alumina and 
potassa difficultly soluble in water and acids (L. Smith*), 

h. Determination, 

Alumina is almost invariably weighed in the pure state^ occasionally 
as phosphate (compare for instance § 209, 7, II.). The several com- 
pounds of alumina are converted into pure alumina, either by precipi- 
tation as hydrate of alumina, and subsequently ignition, or by simple 
ignition. Precipitation as basic acetate or basic fbrmiate is resorted to 
•nly in cases of separation. For an indirect (acidimetric) estimation of 
alumina in alum, «ibc., see § 215. 

We may convert into 

Alumina : 

a. By Precipitation. All compounds of alumina soluble in water, 
and those which, insoluble in that menstruum, dissolve in hydrochloric 
acid, with separation of their acid. 

h. By Heatin/j or Ignition, a. All salts of alumina with readily vola- 
tile oxygen acids {e.g., nitrate of alumina). jS. All salts of alumina with 
organic acids. 

With regard to the method a, it must be remembered that the solu- 
tion must contain no organic substances, which would interfere with 
the precipitation — e.g., tartaric acid, sugar, &c. Should such be present, 
the solution must be mixed with carbonate of soda and nitrate of potassa, 
evaporated to dryness in a platinum dish, the residue fused, then mace- 
rated in water, transferred to a beaker, digested with hydrochloric acid, 
and the solution filtered, and then precipitated. 

The methods b, a and 3, are applicable only in cases where no other 
fixed substances or chloride of ammonium are present. (The latter when 
ignited with alumina would occasion a loss of chloride of aluminium.) 
The methods of estimating alumina m its combinations with phosphoric, 
boracic, silicic, and chromic acids, will be found in Part II. of this 
Section, undci the heads of these several acids. 

Determination as Alumina. 

a. By Precipitation. 

Mix the moderately dilute hot solution of alumina with a tolerable 
quantity of chloride of ammonium, if that salt is not already present, 
add ammonia in slight excess, heat to boiling and maintain at that tem- 
perature till the free ammonia is com})letely or very nearly expelled — 

till the fluid gives a neutral or barely alkaline reaction (the fluid 
adhering to the test paper must be washed back again). The fluid 
should not be heated too long, or it will become acid through decom- 
position of the chloride of ammonium, and some of the alumina will 
redissolve. The most appropriate vessel for the precipitation is a large 
platinum dish, in default of which a porcelain dish may be used ; glass 
should not be employed, as it is attacked by hot ammoniacal fluids 

Am. Journ. of Science and Arts, 40, 248. 
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(p. 65). Allow to settle, decant the clear supernatant fluid through a 
filter, without disturbing the precipitate, pour boiling water on the 
latter, stir it up, allow to settle again, pour off the clear fluid through 
the filter, and repeat this washing a second and a third time, finaay 
transfer the precipitate to the filter and wash it thoroughly with boiling 
water. Suction is particularly useful in this case (§ 47) ; if it is em« 
ployed, the precipitate may be ignited by the method given p. 85, imme-' 
diately after washing. If suction is not employed, the ignition of the 
moist precipitate is rather a critical operation. If you wish to dry the 
precipitate before you ignite it, let it be as dry as possible, and then 
Ignited according to § 52. Apply a very gentle heat at first, and keep 
the crucible well covered, or you may easily lose small quantities by 
the violent escape of the last portions of water retained by the alumina. 

In whichever way the precipitate is ignited it is always best to 
expose it to an incipient white heat over the gas blowpipe for some time, ' 
in order to be sure that the last trace of water is expelled (A. Mitb- 
CHERLICH*). This is the more necessary, and the heat must be con- 
tinued five or ten minutes when the solution contained sulphuric acid, 
as the precipitate then contains basic sulphate of alumina, which re- 
quires verj strong and prolonged ignition for its decomposition. In 
default of a g’as blowpipe, the precipitate, either simply washed or 
moderately ignited, must be redissolved in hydrochloric acid (which 
requires protracted warming with strong acid), and then precipitated 
again with ammonia ; or the sul})hate must first be converted into 
nitrate by decomposing it with nitrate of lead, added in very slight 
excess, the excess of lead removed by means of hydrosulphuric acid, 
and the further process conducted according to the directions of a or b. 
Carbonate of ammonia or sulphide of ammonium may be used instead 
of ammonia for precipitating’, but without increasing the accuracy of 
the results. For the properties of hydrate of alumina and ignited 
alumina, see § 75. Never neglect to test the alumina for silicic acid, 
which it frequently contains. This is done readily by heating with 
dilute suljihuric acid or fusing with bisulphate of potassa or soda 75). 
The method, if properly executed, gives very accurate results. But if 
a considerable excess of ammonia is used, more particularly in the 
absence of ammoniacal salts, and the liquid is filtered witliout boiling 
or long standing in a warm place to remove the ammonia, no trifling 
loss may be incurred. This loss is the greater, the more dilute the 
solution, and the larg-er the excess of ammonia. The precipitate cannot 
be well sufficiently washed on the filter on account of its gelatinous 
nature ; on the otlier hand, if it be entirely washed by decantation, a 
very large quantity of wash-water must be used, hence it is advisable 
to combine the two methods, as directed. 

b. By Ignition, 

•a. Compounds of alumina with volatile adds. — Igpiite the salt (or the 
residue of the evaporated solution) in a platinum crucible, gently at 
first, then gradually to the very highest degree of intensity, until the 
weight remains constant. For the properties of the residue, see § 75. 
Its purity must be carefully tested. There are no sources of error. 

Compounds of alumina with organic acids. — The same method as 
described § 104, 3, a (Magnesia). 

* Zeitschr. f. anal. Gbem. 1, 67. 
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2. Sesquioxide of Chromium. 

a. Solution, 

Many of the compounds of sesquioxide of chromium are soluble in 
water. The hydrated sesquioxide, and most of the salts insoluble in 
•water, dissolve in hydrochloric acid. Ignition renders sesquioxide of 
chromium and many of its salts insoluble in acids; this insoluble 
modification must be prepared for solution in hydrochloric acid, by 
fusing with three or four parts of potassa in a silver crucible. A small 
cmantity is converted, in the process of fusing, into chromic acid, by 
the action of the air ; this is, however, reduced again to sesquioxide 
upon heating with hydrochloric acid. Addition of alcohol greatly pro- 
motes the reduction. Instead of this fusing with potassa, we frequently 
‘■prefer to adopt a treatment, whereby the sesquioxide is at once oxidized 
and converted into an alkaline chromate (see 2). For the solution of 
chromic iron, see § 100. 

b. Determinatim, 

Sesquioxide of chromium is alw^ays, when directly determined, 
weighed in the pure state. It is brought into this form either by preci- 
pitation as hydrate and ignition, or by simple ignition. It may, 
However, also be estimated, by conversion into chromic acid, and deter- 
mination as such. 

We may convert into 

1. Sesquioxide of chromium : 

a. By Precipitation. All compounds of sesquioxide of chromium 
soluble in water, and also those which, insoluble in that menstruum, 
dissolve in hydrochloric acid, with separation of their acid. Provided 
always that no organic substances (such as citric acid, tartaric acid, 
oxalic acid, tfec.) which interfere with tlie precipitation be present. 

b. By Jffnition. a. All salts of sesquioxide of chromium with volatile 
oxygen acids, provided no non-volatile substances be present, Salts 
of sesquioxide of chromium with organic acids. 

2. Chromic ACID, or, more correctly speaking, alkaline chro- 
mate : Sesquioxide of chromium and all its salts. 

The methods of analysing the combinations of the sesquioxide of 
chromium witli chromic acid, phosphoric acid, boracic aciil, and silicic 
acid, will be found in Part II. of this Section, under the heads of these 
several acids. 

1. DstermiiuUion as Sesquioxide of Chromium, 
a. By Precipitation. 

A platinum dish should be used by preference ; porcelain may also be 
used, but not glass. The solution, which must not be too highly concen- 
trated, IB heated to 100®. Ammonia is then added slightly in excess, and 
the mixture exposed to a temperature approaching boiling, until the fluid 
over the precipitate is perfectly colorless, presenting no longer the 
least shade or red ; let the solid particles subside, wash three 
times by decantation, and lastly on the filter, with hot water, dry 
thoroughly, and ignite (§ 52). llie heat in the latter process must be 
increased gradually, and the crucible kept covered, otherwise some loss 
of substance is likely to arise from spirting upon the incandescence of 
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the sesquioxide of chromium which marks the passing of the soluble 
into the insoluble modification. The precipitate may also be very 
conveniently washed by suction (§ 47), and may then be transferred, still 
moist, to the crucible in which it is to be ignited and weighed. For 
the properties of the precipitate and residue, see § 76. This method, 
if properly executed, gives accurate results. When a porcelain dish is 
used, the results are only very slightly too high, in consequence of the 
contamination of the precipitate with silicic acid ; when a glass vessel 
is used, the contamination of the precipitate is very decided (A. Souchay*). 
Sulphide of ammonium may be used instead of ammonia for precipitating. 
In this case no heat is required, and glass vessels may be used, 

h. By lynition, 

a. Salts of sesquioxide of chromium with volatile acids. The same 
method as described, § 105 {Alumina). * 

Salts of sesquioxide of chromium with organic acids. The same 
method as described § 104 {Magnesia). 

2. Convp:rsion of Sesquioxide of Chromium into Chromic 
Acid. 

(For the estimation of chromic acid, see § 130.) 

The following methods have been proposed with this view : — 

a. The solution of the salt of sesquioxide of (diromium is mixed with 
solution of potassa or soda in excess, until the hydrated sesquioxide, 
which forms at first, is redissolved. Chlorine gas is then conducted 
into the cold fluid until it acquires a yellowish-red tint ; it is then 
mixed with potiissa or soda in excess, and the mixture evaporated to 
dryness ; the residue is ignited in a platinum crucible. The whole of 
the chlorate of ])otassa (or soda) formed is decomposed by this jirocess, 
and the residue consists, therefore, of alkaline chromate and chloride 
(Vohl). 

?j. Hydrate of potassa is heated in a silver crucible to calm fusion ; 
the heat is then somewhat moderated, and the perfectly dry compound 
of sesquioxide of chromium projected into the crucible. When the 
sescniioxide of chromium is thoroughly moistened with the potassa, 
small lumps of fused chlorate of jiotassa are added. A lively effer- 
vescence ensues, from the escape of oxygen ; at the same time the 
mass acquires a more and more yellow color, and finally becomes clear 
and trjinsparent. Loss of substance must be carefully guarded against 
(H. Schwarz). 

c. Dissolve the sesquioxide of chromium in solution of potassa or 
soda, add binoxide of lead in sufficient excess, and warm. The yellow 
fluid produced contains all the chromium as chromate of lead in alkaline 
solution. Filter from the excess of binoxide of lead, add to the filtrate 
acetic acid to acid reaction, and determine the weight of the precipitated 
chromate of lead (G. CHANCELf). 

d. Mix the sesquioxide of chromium in a fine state of division with 
chlorate of potassa in a porcelain dish, add nitric acid of 1*367 sp. gr., 
cover the dish with a funnel of somewhat smaller diameter, heat on a 
water bath, and from time to time add crystals of chlorate of potassa 
till all the sesquioxide is dissolved and converted into chromic acid. 


t Comp, read, 43, 5)27. 


Zeitschr. f. anal. Chem. 4, 66. 
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Even with sesquioxide, which has been very stron^j^ly ignited, the 
operation does not last more than 80 or 60 minutes. The chromic acid in 
the solution thus obtained ^ay be conveniently determined as chromate 
of baryta (Stoker,* PEARSONf). 

§107. 

Svpplemmt to the Third Group, 

Titanic Acid. 

Titanic acid is always weighed in the pure state ; its separation is 
effected either b}’ precipitation with an alkali, by heating with alkaline 
acetate, or by boiling the dilute acid solution. Titanic acid may also 
he estimated volumetrically. In precipitating acid solutions of titanic 
acid ammonia is employed ; take care to add the preci})itating agent only 
in slight exc(‘ss, let the })recipitate formed, which resembles hydrate of 
alumina, deposit, wash, first by decantation, then completely on the 
filter, dry, and ignite (§ 52). If the solution contained sulphuric acid, 
j>ut some carbonate of ammonia into the crucible, after the first 
ignition, to secure the removal of every remaining trace of that acid. 
Lose no time in weighing the ignited titanic acid, as it is slightly 
hygroscopic. Occasionally it is more convenient to preci})itate the 
titanic acid from its acid solution by nearly neutralizing with ammonia, 
adding acetate of soda or ammonia and boiling. The })recipitate thus 
obtained is easily filtered off and washed. If we have titanic acid 
dissolved in suljihuric acid, or if it is dissolved by fusing with bi- 
sulphate of jiotassa, and tn^ating the mass with cold water, the titanic 
acid may be ])recij)itated by largely diluting and boiling for a long 
time with renewal of the evaporating water ; and the precipitate thus 
obtained may be easily washed with water. If much free acid is present, 
the greater part of it should be neutralized with ammonia before com- 
mencing to boil. The operation is best conducted in a platinum dish. 
After filtering, add more ammonia to the filtrate to neutralize the acid 
still further, and boil again for some time to see whether any more 
titanic acid will be precipitated. By testing the last filtrate with 
ammonia, you may make quite sure that the precipitation is complete. 
When igniting the dried precipitate, add a little carbonate of ammonia. 
If you attempt to precijiitate the titanic acid in a similar way from 
dilute hydrochloric solutions, it does not separate entirely until the fluid 
is evaporated to dryness, and it must be washed with water containing 
a little acid, or the washings will pass turbid through the filter. 

Hydrate of titanic acid precipitated in the cold, washed with cold 
water and dried without heat, is completely soluble in hydrochloric 
acid \ under other conditions it is not completely soluble. The hydrate 
of metatitanic acid, precijiitated by boiling dilute acid solutions, is 
insoluble in dilute acids. Ignited titanic acid is insoluble even in con- 
centrated hydrochloric acid, but it does dissolve on prolonged heating 
with moderately strong sulphuric acid. It is easily dissolved by fusing 
for a long time with bisulphate of potassa, and treating the mass wdth 
much cold water. Upon fusing with carbonate of soda, titanate of soda 
is formed, which, when treated with water, leaves acid titanate of soda, 


* Zeitochr. f. anal. Cbem. 9, 71. 
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a salt soluble in hydrochloric acid. By fusing titanic acid with three 
times its quantity of fluoride of potassium and hydrogen, fluoride of 
titanium and potassium is formed, which readily dissolves in very 
dilute hydrochloric acid (of sp. gr. 1*015) in the heat On fusing a 
very low heat must be applied at first, till the excess of hydrofluoric 
acid has escaped, then the heat is quickly raised till the mass melts and 
the titanic acid is just dissolved (Marignac*). Titanic acid contains 
60*98 per cent, of titanium and 39*02 of oxygen. On heating with 
hydrofluoric and sulphuric acids practically no fluoride of titanium 
escapes, but by heating with hydrofluoric acid some loss does occur 
(RlLEVf). 

Titanic acid may be estimated volumctrically by being first reduced 
to sesquioxide, and then oxidized to titanic acid by standard solution of 
permanganate of potash (comp. § 112, 2 ; PisaniJ). Sulphuric acid 
solutions are to be avoided, either the ordinary hydrochloric solutioif 
is taken, or the solution of the fluoride of titanium and })otassium in 
dilute hydrochloric acid. The reduction is effected by zinc with 
exclusion of air, with or without the application of a gentle heat. In 
the case of hydrochloric solutions it is accompanied with violet colora- 
tion, in the case of fluoride of titanium and piitassium with greenish 
coloration. The reduction being complete the zinc is removed, and the 
jiermanganate is added to incipient reddening of the fluid. The weak 
j)oint of the method lies in the difliculty of knowing exactly when the 
reduction is finished. Mari on ac§ has described the conditions under 
which he almost invariably obtained good results. 


FOURTH GROUP OF THE BASES. 

Oxide of Zinc — Protoxide of Manganese — Protoxide op 

Nickel — Protoxide of Cobalt — Protoxide of Iron — Ses- 
quioxide of Iron — (Sesquioxide of Uranium). 

§ 108 . 

1. Oxide of Zinc. 

a. Solution, 

Many of the salts of zinc are soluble in water. Metallic zinc, oxide 
of zinc, and the salts, which are insoluble in water, dissolve in hydro- 
chloric acid. Hydrochloric acid is also the best solvent for precipitated 
sulphide of zinc. For blende the best method is first to digest in a 
finely-divided state with concentrated hydrochloric acid in the heat, 
and then to add a little nitric acid, chlorate of potassa, or solution of 
bromine in hydrochloric acid. 

b. Determination, 

Zinc is weighed either as oaMe or sulphide (§ 77), The conversion 
of the salts of zinc into the oxide is effected either by precipitation as 
basic carbonate or sulphide of zinc, or by direct ignition. Beside these 
gravimetric methods, several volumetric methods are in use. 

We may convert into 

♦ ZeitBchr. f. anal. Chem. 7, 112. t Ib, 2, 71. 

X Ib, 4, 419. § Ih, 7, 118. 
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1. Oxide of zinc: 

a. By Precipitation as carhanaie of zinc. All the salts of zinc which 
are soluble in water, and all those witli org'anic volatile acids ; also 
those salts of zinc which, insoluble in water, dissolve in hydrochloric 
acid, with separation of tlieir acid. 

if. By Precipitation sulphide of zinc. All compounds of zinc with- 
out exception. 

c. By direct Ignitim. Salts of zinc with volatile inorganic oxygen 
acids. 

2. Sulphide of zinc: All compounds of zinc without exception. 

The method 1, c, is to be recommended only, as regards the more 
frequently occurring compounds of zinc, for the carbonate and the 
nitrate. The methods 1 , or 2, are usually only resorted to in cases 
where 1, «, is inadmissible. They serve more especially to separate 
oxide of zinc from other bases. Salts of zinc with orj^anic acids cannot 
be converted into the oxide by ignition, since this process would cause 
the reduction and volatilization of a small portion of the metal. If the 
acids are volatile, the zinc may be determined at once, according to 
method 1, if, on the contrary, the acids are non-volatile, the zinc is 
best precipitated as sul}diide. For the analysis of chromate, phosphate, 
borate, and silicate of zinc, look to the several acids. The volumetric 
methods are chiefly emjiloyed for technical purposes ; see Sjiecial Part. 

1. Determination as Oxide of Zinc. 

a. By Precipitation as Carhonate of Zinc, 

The best material to use for precijiitating in is platinum, porcelain 
may also be employed, but not glass. Heat the moderately dilute 
solution nearly to boiling in a capacious vessel ; add drop by drop car- 
bonate of soda till the fluid shows a strong alkaline reaction; boil a 
few minutes ; allow to subside, decant through a filter, and boil the 
precipitate three times with water, decanting each time ; then transfer 
the precipitate to the Alter, wash comjdetely with hot water, dry, and 
Ignite as directed § 53, taking care to have the Alter as clean as prac- 
ticable, before proceeding to incinerate it. To jirevent reduction of the 
oxide and volatilization of the metal you may, after removing the pre- 
cipitate as much as possible from the filter, saturate the latter carefully 
with solution of nitrate of ammonia, dry it, and then incinerate it. 
Should the solution contain ammoniacal salts, the ebullition must be 
continued until, ujion a fresh addition of the carbonate of soda, the 
escaping vapor no longer imparts a brown tint to turmeric paper. If 
the quantity of ammoniacal salts present is considerable, the fluid must 
be evaporated by hnlmg to dryness. It is, therefore, in such cases 
more convenient to jirecipitate the zinc as sulphide (see b). 

The presence of a great excess of acid in the solution of zinc must 
be as much as possible guarded against, that the effervescence from the 
escaping carbonic acid gas may not be too impetuous. The Altrate 
must always be tested with suljihide (with addition of chloride) of 
ammonium to ascertain whether the whole of the zinc has been preci- 
pitated; the experiment should be done in a flask Ailed up to the 
neck, and closed. If the process has been properly conducted, no ]>n'- 
cipitate will be obtained here, or the precipitate will be so insigniflennt 
that it may be altogether disregarded, being limited to some exceed- 
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ingly slip^ht and imponderable flakes, which moreover make their 
appearance only after many hours’ standing. If the precipitate is more 
considerable, however, it must be treated as directed in h, and the 
weight of the oxide of zinc obtained added to that resulting from the 
first process. For the properties of the precipitate and residue, see 
§ 77. The results are in most cases a little too low, as the precipitation 
is never absolutely complete, and as particles of the precipitate will 
always and unavoidably adhere to the filter, which exposes them to the 
chance of reduction and volatilization during the process of ignition. 
On the other hand, the results are sometimes too high ; this is owin^ 
to defective washing, as may be seen from the alkaline reaction whicn 
the residue manifests in such cases. It is advisable also to ascertain 
whether the residue will dissolve in hydrochloric acid without leaving 
silicic acid j this latter precaution is indispensable in cases where the 
precipitation has been effected in a glass vessel. * 

b. By Precipitation as Sulphide of Zinc. 

Mix the solution, contained in a not too large flask and sufliciently 
diluted, with chloride of ammonium, then add ammonia, till the reaction 
is just alkaline, and then colorless or slightly yellow sulphide of ammo- 
nium in moderate excess. If the flask is not now quite full up to the 
neck, make it so with water, cork, allows to stand I'J to 24 hours in a 
warm jilace, wash the precipitate, if considerable, first by decantation, 
then on the filter with water containing sulphide of ammonium and also 
less and less chloride of ammonium (finally none). If the sulphide of zinc 
is to be weighed as such, substitute nitrate of ammonia for the chloride. 
In decanting do not pour the fluid through the filter, but into a flask. 
After thrice decanting, filter the fluid that was poured off, and then 
transfer the precipitate to the filter, finishing the washing as directed. 
The funnel is kept covered with a glass plate. If the zinc is not to be 
determined according to 2, then put the moist filter wdth the precipitate 
in a beaker, and pour over it moderately dilute hydrochloric acid 
slightly ill excess. Put the glass now in a warm place, until the solu- 
tion smells no longer of sulphuretted hydrogen ; dilute the fluid wdth a 
little water, filter, ash the original filter with hot water, and proceed 
wuth the solution of chloride of zinc obtained as directed in a. 

From a solution of acetate of zinc the metal may be precipitated 
completely, or nearly so, with sulphuretted hydrogen gas, even in 
presence of an excess of acetic acid, provided no other acid be present. 
(Expt. No. 00). The following method also effects a practically com- 
plete precipitation of zinc from acid solution. Add carbonate of soda, 
at last drop by drop till a lasting precipitate forms, dissolve the latter 
by a drop of hydrochloric acid, pass sulphuretted hydrogen till the 
precipitate ceases to increase perceptibly, add acetate of soda, and again 
pass the gas. After washing with water containing sulphuretted 
liydrogen (which when the sulphide of zinc had been thrown down by 
sulphuretted hydrogen from acetic acid solution, is easily done), treat 
as above directed. Small quantities of sulphide of zinc may also be 
converted directly into the oxide, by heating in an open platinum 
crucible to gentle redness at first, then, after some time, to most intense 
redness. 

e. By direct Ignition, 

The salt is exposed, in a covered platinum crucible, first to a gentle 
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heat, finally to a most intense heat, until the weight of the residue re- 
mains eonstant. The action of reducing gases is to be avoided. 

2. Determination as Sulphide of Zinc. 

The precipitated sulphide of zinc, obtained as in 1, ft, may be 
ignited in hydrogen and weighed. H. Rose,* who has recommended 
^e process, employs the following apparatus. 


9 



Fig. 79. 

a contains concentrated sulphuric acid, &, chloride of calcium. The 
porcelain crucible has a perforated porcelain or platinum cover, into 
the opening of which fits the porcelain or platinum tube, d. The latter 
is provided with an annular projection which rests on the cover, the 
tube itself extends some distance into the crucible. When the sulphide 
of zinc has dried in the filter, it is transferred to the weighed porcelain 
crucible, the filter ash is added, powdered sulphur is sprinkled over the 
contents of the crucible, the cover is placed on, and hydrogen is passed 
in a moderate stream, a gentle heat is applied at first, which is after- 
wards raised to intense redness ; finally, the crucible is allowed to 
cool with continued transmission of the gas, and the sulphide of zinc 
is weighed. 

Instead of the above apparatus, which is not at every analyst’s 
disposal, any apparatus may of course be used which allows the current 
of gas to be regulated, such as that figured p. 159 of the Qualitative 
Analysis” (9th edition). An evolution apparatus, in which the current 
is not under control, is not so suitable. In default of a perforated 
crucible lid and porcelain tube you may use a short tobacco-pipe, the 
bowl of which fits exactly in a small porcelain crucible. 

Sulphate, carbonate, and oxide of zinc, may also be converted into 
sulphide, as above. They must be mixed with excess of sulphur, or 
loss will sustained, owing to the reducing action of the hydrogen 

* Pogg. Anaal 110, 128. 
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upon oxide of zinc. Sulphate of zinc is best ignited with access of air, 
before being mixed with sulphur and ignited in hydrogen (H. Rose). 

The properties of the hydrated ana anhydrous sulphide of zinc are 
given § 77 ; the results are accurate. Loss occurs only when the 
ignition is performed over the gas blowpipe (which is quite unnecessary), 
and continued longer than five minutes. Compare p. 129. 

§109. 

2. Protoxide of Manganese. 

a. Solution. 

Many of the salts of protoxide of manganese are soluble in water. 
The pure protoxide, and those of its salts which are insoluble in that 
menstruum, dissolve in hydrochloric acid, which dissolves also the higher, 
oxides of manganese. The solution of the higher oxides is attended 
with evolution of chlorine — equivalent in quantity to the amount of 
oxygen which the oxide under examination contains, more than the 
protoxide of manganese — and the fluid, after application of heat, is 
found to contain protochloride of manganese. 

b. Determination. 

Manganese is weighed either as protoaeaquioxidcy as sulphide, proto- 
sulphate, or as pyrophosphate (§ 78). Into the form of protosesquioxide 
it is converted either by precijutation as carbonate, or as hydrated 
protoxide, sometimes preceded by precipitation as sulphide of man- 
ganese, or as binoxide of manganese ; or, finally, by direct ignition. 
Manganese may be determined volumetrically m three difiPerent ways. 
The first is applicable to any solution of protoxide of manganese, j)ro- 
vided it be free from any other substance which exerts a reducing 
action on alkaline solution of ferricyanide of potassium. The second 
requires the absence of sesquioxide of iron. The third is only ad- 
missible when we have manganese in the condition of a perfectly 
definite higher oxide, and ft*ee from other bodies, which evolve 
chlorine on boiling with hydrochloric acid. 

We may convert into 

1. Protosesquioxide of manganese : 

a. By Precipitation as carbonate of mamjanese. All the soluble salts 
of manganese with inorganic acids, and all its salts with volatile organic 
acids; also those of its salts which, insoluble in water, dissolve in 
hydrochloric acid with separation of their acid. 

b. By PreapitaUm as hydrated protoxide of manganese. All the com- 
pounds of manganese named under a. 

c. By Precipitation as sulphide of manganese. All compounds of man- 
ganese without exception. 

d. By Separation as binoxide of manganese. All compounds of man- 
ganese in a slightly acid solution, especially acetate and nitrate of 
protoxide of manganese. 

e. By direct Ignition. All oxygen compounds of manganese ; salts 
of manganese with readily volatile oxygen acids, and with organic acids. 

2. Sulphide of manganese : All compounds of manganese 
without exception. 

3. Sulphate of manganese : All the oxides of manganese, and 
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likewise all its salts with volatile acids, provided no non-volatile sub- 
stance be present. 

4. Pyrophosphate of manganese : All salts of manganese 
soluble in water, and other salts whose acid may be removed by solu- 
tion in acid. 

The method 1, is simple and accurate, but seldom admissible. 
The method 1,«, is the most usually emplo^^ed; if one’s choice is free, 
it is to be preferred to 1, 6. The methods 1, c, and 2, are generally 
used when the methods 1, or h, cannot be adopted — say on account 
of the presence of a non-volatile organic substance, and also when we 
have to separate manganese from other metals. The latter object may 
be attained also by' the method 1, d. The process 3, is sometimes con- 
venient, but it yields only' approximate results. The method 4, has 
• been much recommended recently; it is quickly executed, but only 
yields satisfactory results when the solubility of the phosphate of am- 
monia and manganese is taken into account. The phosphate and borate 
of manganese are treated according* to the method 2, or in the tirst 
case, the method 4. In silicates the manganese is determined after the 
separation of the silicic acid (§ 140), according ro 1, a ; for tire analysis 
of chromate of manganese, see § 130. I'he two first volumetric 
methods are especially suited for technical work, in which the liighest 
degree of accuracy is not required. The estimation of manganese 
from the quantity of chlorine disengaged upon boiling the oxides with 
hydrochloric acid, is resorted to, more particularly, to determine the 
oxides of manganese, and permits also the estimation of manganese in 
]>resence of other metals (see Section V.). 

1. Determination as Protosesquioxide of Manganese, 

a. By Precipitation as Carbonate of Protoxide of Manganese. 

The precipitation and washing arc effected in exactly tlie same way 
as directed § 108, 1, a; a platinum or porcelain dish being used for the 
former. As the filtrate and washings (which sometimes show a slight 
turbidity) are never quite free from m9nganet.(\ evajiorate both in pla- 
tinum or porcelain to dryness, treat the residue with boiling water, 
collect the undissolved flocks of hydrated protosesquioxide of manganese 
upon a separate small filter and wash with hot water. Now dry the two 
filters and ignite according to § 53, exhaust the resulting protosesijui- 
oxide of manganese repeati^dly with boiling water, pouring off the water 
onto a small filter, incinerate this filter on a platinum wire or a crucible 
lid, put the ash in the crucible, and ignite strongly with the lid off in a 
good oxidizing flame, keeping reducing gases out of the crucible, till 
the weight is constant. For properties of the precijiitate and residue, 
see § 78. When executed as directed, the method gives good results. 
If you neglect the small quantity of manganese in the filtrate, or if 
you weigh the residue without exhausting with water, although the two 
errors tend to neutralize each other, still you cannot expect other than 
approximate results. After weighing take the residue out of the pla- 
tinum crucible, and see if it will dissolve in hydrochloric acid without 
leaving silica. 

h. By Precipitation as Hydrated Protoxide of Manganese, 

The solution should not be too concentrated, and it is best to have 
it in a platinum dish ; porcelain may be used, but not glass. Precipi- 



§ 109.] 


PKOTOXIDE OF MANGANESE. 


203 


tate with pure soda or potassa, and proceed in all other respects as in a. 
For the properties of tne precipitate, see § 78. For the accuracy of the 
method and the testing* of the residue, see «. 

c. By Precipitatim as Sulphide of Manganese^ 

See 2 

d. By Separatim as Binoxide of Manganese, 

Heat the solution of the acetate of mang^anese or some other 
compound of the protoxide containing but little free acid, after addi- 
tion of a sufficient quantity of acetate of soda, to from 50*^ to 60"', and 
transmit chlorine gas through the fluid, or add bromine (Kammerer,*^ 
WAAOEf). The manganese falls down as binoxide (Schiel, — Rivot, 
Beudant, and Daguin). Presence of ammonia salts may render the 
precipitation incomplete. Wash, first by decantation, then upon the 
filter, dry, transfer the precipitate to a flask, add the filter ash, heat 
with hydrochloric acid, filter, and precipitate as directed in a. If the 
jiroportion between the acetate of soda and the free acid (especially 
if it be hydrochloric acid) is incorrect, it may happen that the pre- 
cipitation of the manganese by chlorine is not quite complete, it is 
therefore well, after filtering off the peroxide, to add more acetate of 
soda to the filtrate, and again treat with chlorine or bromine. If the 
filtrate is pink from permanganic acid, add alcohol and heat to throw 
down the small remainder of the manganese. It is imjiossible to convert 
the precipitated peroxide into protosesquioxide directly by ignition, as 
the residue so obtained is full of alkali, and cannot be puritied by 
washing. The separation of manganese as binoxide, by evaporating its 
solution in nitric acid to dryness, and heating the residue, finally to 
155°, is given in Section V. 

e. By direct Ignition. 

The manganese compound under examination is introduced into a 
platinum crucible, which is kept closely covered at first, and exposed to 
a gentle heat ; after a time the lid is taken off, and replaced loosely on 
the crucible, and the heat is increased to the highest degree of intensity, 
with careful exclusion of reducing gases; the process is continued until 
the weight of the residue remains constant. The conversion of the 
higher oxides of manganese into protosesquioxide requires more pro- 
tracted and intense heating than the conversion of the protoxide. In 
fact, it can hardly be effected without the use of a gas blowpipe. 
(Hence in such cases it is best to convert into sulphide by adding 
suljdiur, and igniting in hydrogen, see 2.) In the case of salts of 
manganese with org^anic acids, care must always be taken to ascertain 
whether the whole of the carbon has been consumed ; and should the 
contrary turn out to be the case, the residue must either be dissolved in 
hydrochloric acid, and the solution precipitated, &c., as directed in «, 
or it must be repeatedly evaporated with nitric acid, until the whole of 
the carbon is oxidized. The method, if properly executed, gives 
accurate results. On the other hand, if the directions are not carefully 
attended to, one must not be surprised at considerable differences. In 
the ignition of salts of manganese with organic acids, there is a trifling 
loss generally, from the reasons stated, § 104, 3. 

* Ber. der deutsch. Cliem. Gesellsoh. 4, 218. 
t Zeitschr. f. anal. Cheni. 10, 206. 
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2. Determinatim as Sulphide of Manganese, 

The precipitation of manganese as sulphide may be effected in two 
different ways; the second is to be preferred when it is desired to 
complete the operation with comparative rapidity. 

a. The solution contained in a comparatively small flask and not too 
dilute is first mixed with chloride of ammonium (if an ammonia salt is 
not already present in sufiicient quantity), then — if the fluid is acid — 
with ammonia, till it reacts neutral or very slightly alkaline : now add 
yellowish sulphide of ammonium in moderate excess, if the flask is not 
already quite full up to the neck, add water till it is, cork, stand it in a 
warm place (for at least twenty-four hours) till the supernatant fluid is 
perfectly clear, wash the precipitate if at all considerable, first by de- 
cantation, then on the filter, using water containing sulphide of ammo- 
^ nium, and also gradually diminished quantities of chloride of ammonium 
(finally none). In decanting, pour the fluid in a flask, noton the filter. 
After decanting three times, filter the fluids that have been poured off, 
transfer the precipitate to the filter, and finish the washing as above 
directed, without interruption. Keep the funnel covered with a glass plate. 

h, Neutralize the fluid with ammonia, boil, add sulphide of ammo- 
nium, boil for ten minutes, allow to cool a few degrees, add more 
sulphide of ammonium (the fluid should now smell of the latter), and 
filter through a double filter. If the filtrate is turbid, pour it back 
till it runs through clear (R. Finkeneh’*'). The sulphide of man- 
ganese often separates from the boiling fluid in the anliydrous state, 
and with a green color, especially in the absence of much ammonia salt, 
and the presence of much free ammonia ; w ash with water containing a 
little sulphide of ammonium. 

The washed sulphide of manganese was formerly dissolved in 
hydrochloric acid, and reprecipitated according to 1, a\ but it is much 
quicker to dry it, and ignite it strongly with the filter ash and some 
sulphur in a current of hydrogen till it becomes black, weighing as 
anhydrous sulphide (II. tiosEf), see the corresponding process for 
zinc, § 108, 2. For the properties of the precipitate and residue, and 
the circumstances which promote nr hinder the precipitation, see 
§ 78, e. The results obtained by Oesten, and adduced by Rose, are 
entirely satisfactory. Equally good results have been obtained by 
myself. W hen the process has been properly conducted none but the 
most insignificant traces of manganese will be found in the filtrate 
from the sulphide. Tartaric acid retards the precipitation, but does 
not render it less complete ; citric acid prevents the precipitation, or at 
least makes it quite imperfect. 

The sulphate and all the oxides of manganese may also be con- 
verted into the sulphide by ignition with sulphur in a current of 
hydrogen. 

8. Deterndnatum as Sulphate of Manganese. 

The same method as in the case of magnesia under the same cir- 
cumstances; see § 104, 1. Care must be taken to avoid too great an 
excess of sulphuric acid, and to expose the residue to a faint red heat 
only. For tne properties of the residue, see § 78. If accurate results 
are obtained, it is only by chance ; as, if we heat gently, the weight is 

* H«odb. d. Maal. Chem. von H. Ruse, 6. Aufl. von R. Fimkenek, page 925. 
t I*ogg. Annal. 110, 122. 
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generally too high ; if we heat more strongly, it is generally too low 
from the volatilization of sulphuric acid (H. Hose*). To obtain satis- 
factory results, convert the sulphate into sulphide, as in 2. 

4. Estimation as Pyrophosphate of Manganese (W. GiBBSf). 

It is best to use a platinum dish for the precipitation \ porcelain may 
be used, but not glass. To the solution add phosphate of soda in large 
excess, then hydrochloric acid to redissolve the precipitate, heat to 
incipient ebullition, add ammonia in excess, and boil ten or fifteen 
minutes ; the precijiitate is phosphate of manganese and ammonia, and 
it is crystalline ; keep it in contact with the fluid for an hour, main- 
taining the latter nearly at the boiling temperature, filter, wash (accord- 
ing to Gibbs) with boiling water, ignite and weigh the pyrophosphate 
of manganese. 

According to my experience it is better to filter with suction, so as < 
to use as little water as possible, and to wash with cold instead of 
boiling water (§ 78). Accurate results cannot be got unless you 
evaporate the filtrate and washings to dryness, dissolve the residue in 
hydrochloric acid and water, boil, and add ammonia, &c. ; i.e., unless 
you repeat the above process to precipitate and determine the small re- 
mainder of manganese, which generally amounts to between two and 
four milligrammes. 

If the precipitate turns dark red on the filter, it was not completely 
converted into the ammonia salt, and it must then be dissolved m 
hydrochloric acid, and subjected again to the process of precipitation 
with addition of more phosphate of soda, 

5. Volumetric Methods of estimating Manganese, 

a. Determination hg the Redaction of Ferric yanide of Potassium (E. 
LenssenI). 

The method is grounded on the fact that if a solution of protoxide 
of manganese which contains 1 eq. to 1 eq. MnO, is acted on by 

excess of alkaline solution of ferricyanide of potassium at a boiling 
temperature, all the manganese is precipitated as binoxide, while a 
corresponding quantity of ferrocyanide of potassium is formed. By 
determining the latter, the amount of manganese present is obtained. 

K^Cy^Fe, + 2KO + MnO, SO, = 2K,Cy,Fe + KO,SO, + MnO,. 

Accordingly 1 eq. manganese gives rise to 2 eq. ferrocj'aiiide of 
potassium. Of course all other reducing substances must be absent, 
and the manganese must be present entirely in the form of proto-salt. 
If the solution contains no sesquioxide of iron, the precipitate is a com- 
bination of much binoxide, with little protoxide, not always in the 
same proportions. In performing the process, mix first with the acid 
solution of protoxide of manganese so much sesquichloride of iron that 
you may be sure of having at least 1 eq. Fe^O, to I eq. MnO, and add 
the mixture gradually to a boiling solution of ferricyanide of potassium, 
previously rendered strongly alkaline with potassa or soda. After 
boiling together a short time the brownish-black precipitate becomes 
granular and less bulky. Allow to cool completely, filter otf and wash 
the precipitate, acidify the filtrate with hydrochloric acid, and estimate 

* Pogg. Annal. 110, 125. t Sillim. Amer. Journ. (ii.), 44, 216. 

+ Journ. f. prakt Ghein. 80, 408. 
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the ferrocyanide of potassium with permanf^anate, according to § 147 
II., g. If the liquid is filtered hot, the results are too hig'h, as the 
filter in this case has a reducing action. The method may be shortened, 
as follows : After boiling', transfer the solution, together with the pre- 
cipitate, to a measuring flask, allow to cool, fill up to the mark with 
water, shake, and allow to settle. Filter through a dry filter, take out 
a certain quantity with a pipette, and determine the ferrocyanide in 
this. A slight source of error is here introduced by disregarding the 
volume of the precipitate. The results adduced by Lenssen are very 
satisfactory. I have myself repeatedly tested this method, and I have 
to remark as follows : — a. If ferricyanide of potassium is long boiled 
with pure potassa, a small quantity of ferrocyanide is invariably pro- 
duced. h. The potassa must be quite free from organic substances, 
and should therefore, if there is any doubt on this point, be fused in a 
silver dish before use, otherwise the error alluded to in a may be con- 
siderably increased, c. The complete washing of the voluminous pre- 
cipitate is attended with so much dilficulty and loss of time as to render 
the method more troublesome than a gravimetric analysis, d. The 
abridged method, on the other hand, may be of great service in certain 
eases, especially when a series of manganese determinations have to be 
made, the manganese not being in too minute quantities, and the 
highest degree of accuracy not being required. In my laboratory, by 
employing a slight excess of sesquioxide of iron, 97*9 — 100'1!2 — 98*21 — 
98*99, and 100*4 were obtained instead of 100. The inaccuracy in- 
creases on using a large excess of the iron,* 

ft. Estimation hy precipitating the Manganese with permanganate of 
Potassa (A. GuYARDf). 

If a solution of permanganate of potassa acts on a dilute neutral or 
liarely acid solution of manganese at 80°, the whole of the manganese 
both in the original solution and in the precipitant is thrown down as 
ijMnO,Mn/)y OHO or (divided by 0) MnO^HO. The end of tlie 
reaction is evidenced by the ]»iiik coloration of the fluid. The perman- 
ganate solution lb btandardized by iron or by manganese. 

Dissolve from 1 to 2 grin, of the substance in aqua regia, boil for a 
short time to convert all the raang*anese into protocliloride, nearly 
neutralize with an alkali, dilute largely with boiling water (I or 2 
litres), raise to a temjierature of 80° and maintain at this point while 
vou are adding the standard solution of permanganate of potassa. A 
brown flocculent precipitate forms immediately. Allow it to settle 
from time to time and conclude the operation as soon as the fluid 
shows a distinct red color. 

The critical examination of the method undertaken in my laboratory 
by R. Habich,! led to the following conclusions : a. The results are 
accurate in neutral solutions, ft. A very small quantity of free sulphuric 
acid distinctly increases the amount of permanganate required, but the 
results are still good enough for technical purposes, c. A larger 
quantity of free sulphuric acid prevents the reaction altogether, d. 
Free hydrochloric acid acts like suljihuric acid, but with greater power 
(its influence may be destroyed by the addition of finely divided oxide 
of mercury, Winkler§). e. The method is useless in the presence 

♦ Zeitoobr. f. anal. Chem. 3, 209. f Chem. News, 1863, 292. 

Zeitaebr. f. aual. Chem. 3, 474. ^ lb. B, 423. 
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of seequioxide of iron or sesquioxide of chromium, f. The other condi- 
tions being satisfied, the presence of nickel, cobalt, zinc, alumina, or 
lime does not interfere with the results. 

c, Detcrmitiatim ty boiling the higher oxides with hydrochloric acidj and 
estivuiting the chlorine evolved* 

The methods here employed will be found all together in the 
Special Part under Valuation of Manganese Ores.” 

§ 110 . 

3. Protoxide of Nickel. 

a. Solution. 

Many of the salts of protoxide of nickel are soluble in water. Those 
which are insoluble, as also the pure jirotoxide, in its common modifica-* 
tion, dissolve, without exception, in hydrochloric acid. The peculiar 
modification of protoxide of nickel, discovered by Genth, which 
crystallizes in octaliedra, does not dissolve in acids, but is rendered 
soluble by fusion with bisulphate of potassa. Metallic nickel dissolves 
slowly, with evolution of hydrogen, when warmed with dilute hydro- 
chloric or sulphuric acid ; in nitric acid, it dissolves with great readiness. 
t>ulphide of nickel is but sparingly soluble in hydrochloric acid, but it 
dissolves readily in nitrohydrochloric acid. Peroxide of nickel dis- 
solves in hydrochloric acid, upon the application of heat, to proto- 
chloride, with evolution of chlorine. 

b. Detenninatwti, 

Nickel is weighed as protoxide, or as metal ; occasionally as the 
anhydrous sulphate (§ ?9). The compounds of nickel are converted 
into the protoxide, usually by precipitation as hydrated ]>rotoxide, 
preceded, in some instances, by precipitation as sulphide of nickel, or 
by ignition. Nickel may also be estimated volumetrically. 

We may convert into 

1. Protoxide of nickel. 

a. By Precipitation hydrated protoxide of nichcl. All the salts of 
ni(‘kel with inorganic acids which are soluble in water, and all its salts 
with volatile organic acids ; likewise all salts of nickel which, insoluble 
in water, dissolve in the stronger acids, with se}>aration of their acid. 

b. By Precipitation as sulphide of nickel. All compounds of nickel 
without exception. 

c. By Ignition. The salts of nickel with readily volatile oxygen 
acids, or with such oxygen acids as are decomposed at a high tempera- 
ture (carbonic acid, nitric acid). 

2. Metallic nickel : Protoxide of nickel (and all the com- 
pounds mentioned under 1, a, by and c), also the compounds with 
chlorine, bromine, and iodine. 

3. Sulphate of nickel: Salts of nickel, whose acids are 
entirely expelled by heating and evaporating with sulphuric acid. 

The methods of preparing metallic nickel, by simply igniting the 
protoxide, and by igniting pure nickel compounds in a current of 
nydrogen, are extremely accurate, but not always applicable. The 
method 1, a, is most commonly employed, sometimes in combination 
with 2. In the presence of sugar, or other non-volatile organic sub- 
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stance, it cannot be used. In this case we must either ignite and thereby 
destroy the organic matter before precipitating, or we must resort to 
the method 1, which otherwise is hardly used except in separations. 
The conversion into sulphate of nickel is ouickly executed, but the 
results are entirely trustworthy only where tne greatest care is taken. 
The combinations of the protoxide of nickel with chromic, phosphoric, 
boracic, and silicic acids are anal^'sed according to the methods given 
under the several acids. The volumetric methods are rarely worth 
using, and in point both of simplicity and exactness leave much to be 
desired. 

1 . Determination as Protoxide of Nickel, 

rt. Bff Precipitation as Hydrated Protoxide of Nickel, 

Mix the solution with pure solution of potassa or soda in excess, 
•heat for some time nearly to ebullition, decant four times, boiling up 
each time, filter, wash with hot water, dry and ignite strongly, avoiding 
the action of reducing gases (§ 63). The ])rocipitation is best effected 
in a platinum dish ; in presence of nitrohydrochloric acid, or, if the 
operator does not possess a sufficiently ca})acious dish of the metal, in a 
porcelain dish ; glass vessels do not answer the purpose so well. 
Presence of ammoniacal salts, or of free ammonia, does not interfere 
with the precipitation. For the properties of the precipitate and 
residue, see § 79. This method, if properly executed, gives very 
accurate results. The thorough w’ashing of the precipitate is a most 
essential point. It is necessary also to ascertain whether the residue 
has not an alkaline reaction, and wdiether it dissolves completely in 
hydrochloric acid. 

b. By Precipitation as Svlpkide of Nickel. 

This requires the greatest care and attention. The best way is to 
proceed according to one of the three sulijoined methods.* 

a. The moderately dilute cold solution of nickel contained in a 
]>roper-sized flask is, if necessary, neutralized with ammonia (the 
reaction should be rather slightly acid than alkaline) : chloride of am- 
monium IS added, if it, or some other ammonia salt of similar action, 
such as the acetate, is not already present in sufficient quantity, and 
then hydro&ulphate of sulphide of ammonium, as long as a precipitate 
ib produced. The NH^S,HS should be perfectly saturated with HS, it 
may be colorless or light-yellow. A large excess of the reagent must 
be avoided. After mixing, fill the flask with water up to the neck, 
cork, and allow to stand about twenty-four hours without warming, 
but in a moderately warm place. The precipitate has now settled, and 
the clear supernatant fluid is colorless or slightly yellow. Decant, 
filter, and wash as described in the case of sulphide of manganese 
(§ 109, 1, c). Filtrate and wash -water must be colorless or slightly 
yellow. Dry the precipitate in the funnel, and transfer as completely 
as possible from the filter, to a beaker ; the filter is incinerated in a 
coil of platinum wire, or upon the lid of a crucible, and the ash added 
to the ciry precipitate. The preeijatate is now treated with concentrated 
nitrohydrochloric acid, and the mixture digested at a gentle heat, until 
the whole of the sulphide of nickel is dissolved, and the undissolved 
sulphur appears of a pure yellow, hydrochloric acid is added and the 

* Another method — with hyposulphite of soda — is given, p. 134. 
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fluid is evaporated to drive off the nitric acid, it is then diluted, filtered, 
and the filtrate precipitated, as directed in a. For the properties of 
the precipitate, see § 79. The method, if properly executed, ^ves 
accurate results. If the solution contains free ammonia, or no salt 
of ammonia, the fluid filtered off from the sulphide of nickel possesses 
always a more or less brownish tint, and contains sulphide of nickel 
(§ 79, e)^ which must be regained by acidifying with acetic acid and 
boiling. If the precipitate is not washed as directed, some nickel is 
very likely to pass through with the wash-water. If the filter were 
not incinerated, but treated at once, together with the precipitate, with 
nitrohydrochloric acid, the solution of the sulphide of nickel would 
contain organic substances, and soda or potassa would accordingly 
afterwards fail to effect the complete precipitation of the nickel. 

Mix the slightly acidified solution of nickel with bicarbonate of 
ammonia, so that the free acid may be neutralized, and the solution 
may contain a small excess of the bicarbonate of ammonia, together 
with free carbonic acid, and then pass hydrosulphuric acid gas. Pre- 
cipitation will promptly ensue. Filter, and treat the precipitate as in a. 

y. To the solution of nickel add ammonia to alkaline reaction, then 
a tolerably large quantity of acetate of soda or ammonia, and sulphide 
of ammonium in good excess, then acetic acid to strong acid reaction, 
and boil. The precipitate settles well and is treated as in a. Test the 
filtrate by neutralizing with ammonia and adding sulphide of am- 
monium. If it turns black, acidify with acetic acid and warm to throw 
down the remainder of the nickef. It is not advisable to attempt to 
weigh the sulphide of nickel as such by ignition in hydrogen. 

c. By lynitum. 

Proceed as for manganese, § 109, 1, e, 

2. Estimation as metallic NtcheL 

Ignite the oxide or chloride to be reduced in a tall and narrow 
porcelain crucible in a slow stream of hydrogen (§ 108, 2), at first 
gently, then more strongly till the weight is constant. For properties 
of the residue see, § 79, c. If on dissolving the metal in nitric acid 
any silica remains, this must be weighed and deducted. 

3. Estimation cu^ sulphate of Nickel. 

The nickel solution should be free from other non-volatile salts. 
Evaporate with a slight excess of pure sulphuric acid in a })latinum 
dish to dryness and heat for 15 or 20 minutes moderately, so as just to 
drive off the excess of suljihuric acid without blackening the yellow 
sulphate at the edges. It is difficult to be sure of hitting the exact 
point, hence w e cannot place dependence on this method nor on that of 
Gibbs, which consists in dissolving the sulphide in nitric acid and 
evaporating the solution with sulphuric acid. For the properties of 
the residue, see § 79, d. 

4. Estimation of Nickel volumetrically, 

Kunzel* precipitates with sulphide of sodium, using nitroprusside 
of sodium or ammoniacal solution of silver as indicator of the excess of 
the reagent. WiCKEf and FLEiscHEiit precipitate as sesquioxide by 
boiling with hypochlorite of soda and caustic soda and determine the 

Zeitschr. f. anal. Cham. 2, 878. t Ib. 4, 424. t Ih. 10. 219. 
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precipitate by its oxidizing action on arsenious acid or protoxide of 
iron. Fr. Mohr* determines tlie sesquioxide by its action on iodide of 

S otassium. GiBBSf precipitates with oxalic acid and alcohol and 
etermines the oxaJic acid in the precipitate with permanganate of 
potash. 

§ 111.- 

4. Protoxide of Cobalt. 

a. Solution, 

Protoxide of cobalt and its compounds behave with solvents like the 
corresponding compounds of nickel ; metallic cobalt like metallic nickel. 
The protosesquioxide of cobalt obtained by Sohwarzenbero in micro- 
scopic octabedra does not dissolve in boiling hydrochloric acid, or nitric 
acid, or nitrobydrochloric acid ; but it dissolves in concentrated sul- 
•phuric acid, and in fusing bisulphate of potassa. 

h. Determination, 

Cobalt is determined in the metallic state or as sulphate, being 
usually first precipitated as hydrated protoxide, sulphide or nitrite of 
sesquioxide of cobalt and potassa. Cobalt may also be determined 
volumetrically. 

We may convert into 

1. Metallic cobalt: 

a. By direct reduction. All salts of cobalt, which can be immediately 
reduced by hydrogen (chloride, nitrate, carbonate, (fee.). 

y. By precipitation as hydrated protoxide. All salts soluble in water 
with inorganic acids, and insoluble salts whose acid may be removed 
by solution. All salts with volatile organic acids. 

c. By precipitation as sulphide. All compounds of cobalt without ex- 
ception. 

d. By precipitation as nitrite of sesquioxide of cohalt and potassa. All 
compounds of cobalt soluble in water or dilute acetic acid. 

2. Sulphate of cobalt: 

a. By simple evaporation and ignition.. — The oxygen compounds of 
cobalt and all the salts, whose acids may be completely expelled by 
evaporation and ignition with sulphuric acid. 

h. By precipitax,,.^ ,i as sulphide. — All compounds of cobalt without 
excgition. 

The method 1, «, is preferable to all others when it can be applied; 
it is quick and gives exact results. The method 1, Z>, gives oetter 
results than it used to be credited with. The direct conversion of 
suitalde cobalt compounds into suljihate is also quite satisfactory. The 
precipitations as sulphide and as nitrite of sesquioxide of cotalt and 
potassa are rarely used except in separations. The volumetric methods 
are more adapted for technical than for scientific purposes. 

1. Estimation as nudallic Cobalt, 
a. By direct reduction. 

Evaporate the solution of chloride, or nitrate of cobalt (which must 
be free from sulphuric acid and alkali), in a weighed crucible, to dry- 

* Hifl Ijehrbucb der Titrirmethode. 
t ZeitBchr. f. anal. Chew. 7, 259. 
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ness, cover the crucible with a lid having a small aperture in the 
middle, conduct through this a moderate current of pure dry hydrogen, 
and then apply a gentle heat, which is to be increased gradually to 
intense redness. When the reduction is considered complete, allow to 
cool in the current of hydrogen, and weigh ; ignite again in the same 
way and repeat the process until the weight remains constant. The 
results are accurate. For the properties of cobalt, see § 80. 

As regards the apparatus to be employed, see § 108, 2. 

h. By precipitation as hydrated protoxide. 

The best material for the precipitating vessel is platinum, porcelain 
may also be used, but not glass. First remove any large excess of acid 
which may be present by evaporation. Heat nearly to boiling, add 
pure potash in slight excess, and continue heating till the precipitate is 
orownish-black. Pour the su])ernatant fluid through a filter, wash the i 

O itate by decantation with boiling water repeatedly, transfer it to 
ter, and continue the washing with boiling water till the wash- 
ings are free from any trace of dissolved substance. Dry, ignite in a 
porcelain crucible (§ 52) till the filter is thoroughly burnt, reduce in a 
current of hydrogen, wash the metal several times with boiling water, 
dry, ignite again in hydrogen and weigh. Test the weighed cobalt by 
dissolving in nitric acid. If any silica remains, this must be weighed 
and deducted. Mix the solution with chloride of ammonium and car- 
bonate of ammonia, if a small precipitate (alumina or a trace of sesqui- 
oxide of iron) forms, weigh this too and deduct it. The results are 
excellent ; the amount of alkali which remains with the metal when 
the work is done properly being exceedingly minute. Compare § 80, a, 

c. By precipitation as sulphide. 

Put the solution in a flask, add chloride of ammonium, then am- 
monia just in excess, then suljihide of ammonium as long as a precipi- 
tate is produced, fill uj) to the neck with water, cork and allow to stand 
12 or 24 hours in a warm place. Decant, filter, and wash us directed 
§ 109, .2. Finally, dry and j)roceed as directed § 110, h, a, to re- 
dissolve the cobalt. Determine the cobalt according to h. There are 
no sources of error in the precipitation with suipliide of ammonium. 
For the properties of the sulphide of cobalt, see § 80. It cannot be 
brought into a weighable form by ignition in hydrogen, as the residue 
is a variable mixture of different sulphides (li. Rose). Cobalt may 
also be thrown down as sulphide by the other methods given under 
Nickel, The thorough j)recipitation of cobalt is much easier than that 
of nickel. 

d. By precipitation as nitrite of sesquioxide of cobalt and potassa. 

To the moderately concentrated solution of the cobalt salt add pot- 
ash in excess, then acetic acid till the precipitate is just redissolved, 
then a concentrated solution of nitrite of potash previously just acidified 
with acetic acid, and allow to stand 24 hours at a gentle heat. Filter, 
wash with solution of acetate of potash (1 in 10) containing some nitrite 
of potash, till all foreign substances are removed, dry, dissolve with the 
filter ash in hydrochloric acid, filter and determine the cobalt according 
to 1, This method was introduced by A. Strom eye a the present 

modification, first suggested by H. Rose, and im])roved by Fk. Gauhe, ■ 

* Auual. d. Cbem. u. Pharm. 96, 218. 

p 2 
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is the surest to yield good results (Gauhe*), For the properties of the 
precipitate, see § 80, e. 

2. Estimation as stdphate. 

By direct conversion. 

If the solution contains a volatile acid, add a slight excess of sul- 
phuric acid. Evaporate, using a platinum dish or platinum crucible, at 
all events, to finisli the operation. Heat the residue cautiously over 
the lamp, gradually increasing the temperature to dull redness, and 
maintain at this point for 15 minutes. Should the edges blacken, 
moisten with dilute sulphuric acid, dry, and ignite again with greater 
caution. Properties ot the precipitate, § 80. Results quite satis- 
factory.! 

t h. With pretfions precipitation a<{ sulphide. 

Precipitate the cobalt as sulphide according to 1, c, dissolve it as 
directed, evaporate with excess of sul})huric acid in a porcelain dish to 
dryness, take up the residue with water, transfer the solution to a 
weighed platinum dish and proceed according to 2, a, 

3. Volumetric MHlwds of estimating Cobalt, 

1. After Cl. Wjnkler.I 

Principle, — If a solution of chloride of cobalt is mixed with finely 
divided oxide of mercury shaken up with water (§ CO, 4), no decom- 
]:>osition takes place, and no oxide of cobalt is thrown down ; but if 
now a solution of permanganate of j)otassa is added, hydrated binoxide 
of manganese and livdrated sesquioxide of cobalt are precipitated 
(CCoCl + CHgO 4- 11 HO + KO,Mnp, - 3 [Co,C)„3 HO] + 2fMnO„HO] + 
5HgCl + KCl). This equation, however, does not exactly express the 
change which occurs, as a constant proportion of hydrated protoxide of 
cobalt falls down with the sesquioxide ; or it may be that the cobalt 
precipitate is a definite compound intermediate between th‘e sesqui- 
oxide and the protoxide. Hence the permanganate of potassa must be 
standardized with cobalt solution, and not with protoxide of iron, or 
oxalic acid. 


Execution . — Dissolve from ‘1 to *2 grm, pure metallic cobalt§ in 
warm hydrochloric acid, transfer to a 300 c.c. stopjiered bottle, dilute 
to 200 c.c., add excess of oxide of mercury shaken up with water, and 
then, the fluid being cold, titrate with permanganate of potassa (5 or 
6 grm. pure salt in 1 litre), shaking constantly, till the fluid in which 
the brown precipitate is suspended remains red. At first it is hard to 
see the color of the fluid, towards the end the precipitate settles better, 
and the color is distinct enough. Addition of more oxide of mercury 
helps the precipitate to deposit. The color gradually goes away on 
long standing, which must not be forgotten. The c.c. of permanganate 

* Zeitschr. f. anal. Cbem. 4, 60. 
f Compare Gadhb, Zeitsclir. f. anal. Cbem. 4, 55. 

% Zeit49chr. f. acal Cbem. 8, 265 ; 8, 420 ; 7, 48. 
f WiKKLEB prepareg this as follows. Fill a porcelain crucible one-tbird with 
parpuxeo'cobaitio chloride which has been several tiroes recrystallized and is free from 
nickel, place ibis in a large platinum crucible with perforated lid and conducting tube, 
^ite in a current of hydrogen at first gently till the chloride of ammonium is mostly 
expelled, then increase the beat finally to the highest point, till no more hydrocblorio 
IMsid escapes, and allow to cuol in the cuirent of gas. 
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used correspond to the cobalt weifa^hed off. In applying the process to 
the estimation of unknown quantities of cobalt, proceed in the same 
way, and let the conditions as regards amount of cobalt, amount of 
oxide of mercury, and dilution be as nearly as possible the same. 

In the presence of sulphuric acid, ptiosphoric acid, arsenic acid, 
oxygen acids of nitrogen, or chlorine or organic acids, the method is 
useless unless modified. Sesquichloride of iron, however, has no inju- 
rious action, as the oxide of mercury immediately precipitates all the 
iron. 

The influence of sulphuric acid may always be destroyed by chloride 
of barium ; of phosphoric acid and arsenic acid, when present in mode- 
rate quantity, by adding sesquichloride of iron before the oxide of 
mercury. If one part of sesquioxide of iron is added for one part of 
arsenic or phosphoric acid, the latter is precipitated as a basic salt. 
Neither this nor the sulphate of baryta requires to be filtered off. * 

The presence of manganese renders the method useless. Small 
quantities of nickel do no damage, large quantities are injurious ; see 
§100 (Separation of cobalt and nickel). The results are thoroughly 
satisfactory for technical purposes. 

2. In regard to other methods, see Nickel — as all the methods there 
given may be used for cobalt. Fleischer’s method will be also men- 
tioned under the Sej)aration of cobalt and nickel (§ 1 00). 


5. Protoxide of Iron. 

a. Solution, 

Many of the compounds of protoxide of iron are soluble in water. 
The compounds insoluble in water dissolve almost without exception in 
hydrochloric acid, in which the jmre protoxide also is soluble ; the 
solutions; if not prepared with perfect exclusion of air, and with solvents 
absolutely free from air, contain invariably more or less sesquichloride. 
In cases where it is wished to avoid the chance of oxidation, the 
solution of the com])ound of protoxide of iron is effected in a small 
flask, through which a slow current of carbonic acid gas is passed, the 
transmission of the gas being continued until the solution is cold. 
Many native proto-compounds of iron cannot be thus dissolved. They 
are, indeed, rendered soluble by fusing with carbonate of soda, but in 
this process the protoxide of iron is converted for the most part into 
sesquioxide. It is therefore advisable to heat such substances (in the 
finest powder) with a mixture of 3 parts concentrated sulphuric acid 
and 1 part water in a strong sealed tube of Bohemian glass for 2 hours 
at about 210°, or — in the case of silicates — to warm them with a mix- 
ture of 2 parts hydrochloric acid and 1 part strong hydrofluoric acid in 
a covered platinum dish (A. Mitscherlich*). It is well to cover the 
water bath on which the dish is heated with a plaster ring about 1 metre 
high, to place on this a plaster plate with a piece cut out of the edge, 
and to conduct carbonic acid through the latter that the solution may 
take place in an atmosphere which will not oxidize the iron.f Metallic 

* Journ. f. prakt. Chexn. 81, 116. 

+ Somewhat more complicated arrangements for the attainment of the same object 
are given by Cooke (Zeitschr. f. anal. Chem. 7, 9d) and W ilbub and Whittllskt 
(Ib, 10, 98). 
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iron dissolves in hydrochloric acid, and dilute sulphuric acid, with 
evolution of hydrog’en, as protochloride or sulphate of protoxide 
respwtively ; in warm nitric acid it dissolves as nitrate of sesquioxide, 
and in nitrohydrochloric acid as sesquichloride. 

h. Determination, 

Protoxide of iron may be estimated 1, by dissolving*, converting into 
sesquioxide and determining the latter gravimetrically or volumetrically ; 
2, by precipitating as sulphide, and weighing it as such, or deter- 
mining it after conversion into sesquioxide ; 3, by a direct volumetric 
method ; 4, by treating with tercliloride of gold, and weighing the 
reduced gold. 

Tlie methods 1 and 2 are, of course, only applicable when no sesqui- 
oxide is present with the protoxide, the method 2 is scarcely ever used 
except for separations. The methods included under 3 are adapted to 
luost cases and, in absence of other reducing substances, are especially 
worthy of recommendation. The method 4 will be briefly treated of in 
the supplement to §§ 112 and 113. 

As the determination of iron as sesquioxide belongs to § 113, and 
as the process for precipitating tJie protoxide as sulphide is the same as 
that for precipitating the sesquioxitle in this form, nothing remains for 
us here but to describe the methods of converting the protoxide into the 
sesquioxide and the processes included under 3. 

1. Methods of cnnvertiuf] Protoxide of Iron into Sesquioxide, 

a. Methods applieahlc in all cases. 

Heat the solution of protoxide of iron with hydrochloric acid and 
add small portions of chlorate of potassa, till the fluid, even after 
warming for some time, still smells strongly of chlorine. Our object 
may be also attained hy passing chlorine gas or, in the case of small 
quantities, by addition of chlorine water, or very conveniently by the 
addition of bromine dissolved in hydrochloric acid. If the solution is 
reejuired to be free from excess of chlorine or bromine it is finally 
heated, till all odor of the chlorine or bromine has disap|»eared. 

b. Methods which arc only suitable when the iron is to be subsequently 
vrecipitated by amnwniu^ as hydrated sesquwxide. 

Mix the solution of the protoxide of iron in a flask with a little 
hydrochloric acid, if it does not already contain any ; add some nitric 
acid, and heat the mixture for some time to incipient ebullition. The 
color of the fluid will show whether the nitric acid has been added m 
sufficient quantity. Though an excess of nitric acid does no harm, still 
it is better to avoid adding too much on account of the subsequent 
precipitation. In concentrated solutions, the addition of nitric acid 
produces a dark- brown color, which disappears upon heating. This 
color is owing to the nitric oxide formed dissolving in the still unoxidized 
portion of the solution of the protoxide. 

(J. Methods which can be employed only when the sesquioxide of iron is to 
be determined volumetrically. 

Add to the hydrochloric solution small quantities of artificially 
prepared iron-free binoxide of manganese, till the solution is of a dark 
ulive-^een color from the formation of sesquichloride of manganese ; 
bail till this coloration and the odor of chlorine have disappeared 
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(Pr. Mohr) 5 or you may add pure permang^anate of notassa (in crystals 
or concentrated solution) till tne fluid is just red, ana then boil, till the 
red color and chlorine-odor have vanished. These methods present the 
advantage of permitting complete oxidation without the use of any 
considerable excess of the oxidizing agent. 

2. Estimation hy Volumetric Analysis, 

a. Marguerite’s Method, 

If we add to a solution of protoxide of iron, containing an excess of 
sulphuric acid, j)ermanganate of potassa, the former is oxidized, at the 
expense of the latter, [ 10 (FeO,SO 3 ) -i- 880,^ + KOjMn^O, = 5 (Pe.P 3 , 3 SO,) 
+ KOjSOg + 2 (Mn 0 ,S 03 )]. Now if we possess a solution of perman- 
ganate of potassa, and know how much iron 100 c.c. of it can convert 
from the condition of protoxide to that of sesquioxide, we can, with this, 
readily determine an unknown quantity of iron ; we have simply, foi 
this purpose, to dissolve the iron in acid, in the form of protoxide, to 
oxidize the solution accurately, and note how many c.c. of the solution 
of permanganate of potassa have been used to accomplish that object. 

In the presence of hydrochloric acid the change is not exactly in 
accordance with the above equation (Lowenthal and Lenssen*). It 
is true that by proceeding in a certain way (see y), we may reduce the 
error, but the results must always be regarded as less trustworthy. 

a. Titration of the Solution of Permanganate of Potassa, 

Dissolve 5 grm. (roughly weighed) of pure crystallized perman- 
ganate of potassa in distilled water by the aid of heat, dilute to 1 litre, 
and preserve in a stoppered bottle. Action of direct sunlight on the 
solution should be avoided. The solution, if carefully kept, does not 
alter, but still it is well to titrate it afresh occasionally. 

aa. Titration hy Metallic Iron. 

Weigh otf accurately about 1 grm. thin soft iron wire, previously 
cleaned with emery jiajier, transfer to a litre measuring flask, con- 
taining 100 c.c. ddute sulphuric acid (1 to 5), add about 1 grm. bicar- 
bonate of soda, to produce carbonic acid and expel the air, and then 
close the flask with an india-rubber stopper, provided with an evolu- 
tion tube, as shown in fig. 80 ; c contains 20 or 30 c.c. water. Heat 
the flask at first gently. Anally to gentle boiling till the iron is dis- 
solved. The clip h is open, and the hydrogen escapes through the 
water in c. Meanwhile boil about 300 c.c. distilled water, to drive out 
all tlie air it contains, and then allow it to cool. As soon as the iron 
is entirely dissolved, remove the lamp and close the evolution tube with 
the clip. When the iron solution has cooled a little loose the clip, and 
allow the water in c to recede, pour the boiled water into and allow 
this also to recede till the solution nearly reaches the mark. Take out 
the evolution tube and close the flask with an unperforated stopper, 
allow to cool to the temperature of the room, fill with water to the 
mark, shake and allow to stand, so that the particles of carbon 
usually present may deposit. Now take out with a pipette 50 c.c. of 
the clear and nearly colorless fluid (containing ^ of the iron weighed 
off), transfer to a 400 c.c. beaker, and dilute till the beaker is 
full. Place the beaker on a sheet of white paper, or better, on a sheet 
of glass, with white paper underneath. 

* ZeitBohr. f. anal. Chem. 1, 829. 
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Fill a Gay-Lussac’s or Geissler’s burette of 80 c.c. capacity, 
divided into c.c. (see § 22, figs. 28 and 24), up to zero, with solution 
of permanganate of potassa, of which take care to have ready a sufficient 
quantity, perfectly clear and uniformly mixed. 

Now add the permanganate to the iron solution, stirring the latter 
all the while with a glass rod. At first the red drops disappear very 



Fig. 80. 

rapidly, then more slowly. The fluid, which at first was nearly 
colorless, gradually acquires a yellowish tint. From the instant the 
red drops begin to disappear more slowly, add the permanganate with 
more caution and in single drops, until the last drop imparts to the 
fluid a faint, but unmistakable reddish color, which remains on stirring. 
A little practice will enable you readily to hit the right point. As soon 
as the fluid in the burette has sufficiently collected again read oif, and 
mark the number of c.c. used. The reading off must be performed 
with the greatest exactness (see § 22 ) ; the whole error should not 
amount to yV c.c. 

The amount of permanganate solution used should be about 20 c.c. 
Repeat the experiment with another 50 c.c. of the iron solution. The 
difference between the permanganate used in the two cases should not 
be more than •! c.c. ; if it is, make one more experiment and when the 
results are sufficiently near take the mean. Now calculate what 
quantity of iron is represented by 100 c.c. of the permanganate. To 
this end first divide the iron weighed off by 5, and then multiply by 
*996, since soft iron wire contains on the average *4 per cent, carbon, &c , ; 
this gives the quantity of pure iron contained in 50 c.c. of the solution. 
Suppose we took 1*050 grm. iron wire, and used a mean of 21*8 c.c. 
permanganate, - 5 “ =*210, *210 x *996 = *20916. And then by rule of 
three g^.g . .gggjg . . jqq . ^ ^ .ggjgj, . 

therefore, 100 c.c. permanganate = *98197 pure iron. 
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If there is a deficiency of free acid in the solution of iron, the fluid 
acquires a brown color, turns turbid, and deposits a brown precipitate 
(binoxide of manganese and sesquioxide of iron). The same may 
happen also if the solution of permanganate of potassa is added too 
quickly, or if the proper stirring of the iron solution is omitted or 
interrupted. Experiments attended with abnormal manifestations of 
the kind had always better be rejected. That the fluid reddened by 
the last drop of solution of permanganate of potassa added, loses its 
color again after a time, need create no surprise or uneasiness ; this 
decolorization is, in fact, quite inevitable, as a dilute solution of free 
permanganic acid cannot keep long undecomposed. 

hh. Titration hy Sulphate of Iron and Ammonia, 

Weigh off, with the greatest accuracy, about 1*4 grm. of the pure 
salt prej)ared according to the directions given in § G5, 4, dissolve in * 
about 200 c.c. distilled water, previously mixed with about 20 c.c. 
dilute sulphuric acid, and j)roceed as in aa. 

By dividing the amount of salt weighed off by 7*0014 (or where 
great accuracy is not required by 7) we obtain the quantity of iron 
corresponding. 

If the salt is not pure, if, for instance, it contains bases isomorphous 
with protoxide of iron (j)rotoxide of manganese, ina^*nesia, <fec.) ; or if 
it contains sesquioxide, or is moist, the result will of course be too high. 

cc. Titration by Oxalic Acid, 

If solution of permanganate of potassa is added to a warm solution 
of oxalic acid, mixed with sulphuric acid, the liberated permanganic 
acid instantly oxidizes the oxalic acid to carbonic acid [ 5 C 2 O 3 + 3 SO 3 + 
KO,Mn.p, = lOCOg + 2(MnO,SOp + KO,S 03 .] For the oxidation of 1 
eq. oxalic acid (CgUJ and 2 eq. iron (in the state of protoxide) equal 
(juari titles of permanganic acid are accordingly required ; therefore, 
()d parts (1 eq.) of crystallized oxalic acid corresjiond, in reference to 
the oxidizing action of permanganic acid, to 5G parts (2 eq.) of iron. 

A solution of oxalic acid is altered by the action of light ; it is, 
therefore, well only to dissolve as much as will be required for im- 
mediate use. Dissolve 1 to 1*2 grm. pure acid prepared by § 65, 1 , 
to 250 c.c. ; 50 c.c. of this solution are introduced into a beaker, diluted 
with about 100 c.c. water, from 0 to 8 c.c. cone, sulphuric acid added, 
and the fluid heated to about G0°. The beaker is then placed on a 
sheet of white paper, and permanganate added from the burette, with 
stirring. The red drops do not disappear at first very rapidly, but 
when once the reaction has fairly set in, they continue for some time 
to vanish instantaneously. As soon as the red drops begin to dis- 
appear more slowly, the solution of permanganate of potassa must be 
added with great caution ; if jiroper care is taken in this respect, it is 
easy to complete the reaction with a single drop of permanganate ; 
this completion of the reaction is indicated with beautiful distinctness 
in the colorless fluid. To find the iron corresponding to the perman- 
ganate used, multiply the amount of crystallized oxalic acid in the 50 
c.c. by 8 and divide by 9. 

If the oxalic acid was not perfectly dry, or not quite pure, the 
result of the experiment will, of course, lead to fixing the strength of 
the solution of permanganate of potassa too high. Instead ot pure 
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oxalic acid, Saint-Gilles has proposed to use crystallized oxalate of 
ammonia (NHp,CjO + aq.) This can easily be prepared in the pure 
state, keeps well, and can be weighed with accuracy. 71*04 parts of 
the crystallized salt correspond to 56 parts iron. 

Of the foregoing three methods of standardizing solution of per- 
manganate of potassa, the first is the one originally proposed by 
Marguerite. Sulphate of iron and ammonia was first proposed by 
Fr. Mohr, and oxalic acid b}^ Hempel, as agents suitable for the 
purpose. With absolutely pure and thoroughly dry reagents, and 
proper attention, all three methods give correct results. 

For myself, I prefer the first method, as the most direct and 
positive, the only doubtful point about it being the question whether 
the assumption that the iron wire contains 99*6 per cent, of chemically 
pure iron is quite correct ; this, however, is of very trilling importance, 
as the error could not exceed or per cent.* The other two 
methods are, as may readily be seen, somewhat more convenient, but 
they are not so trustworthy unless you call insure the purity and 
dryness of the preparations. 

For the analysis of very dilute solutions of iron, c.//., chalybeate 
water, in which the amount of iron may be very approximately de- 
termined with great expedition, b}" direct oxidization with perman- 
ganate, a very dilute standard solution must be prepared. Such a 
solution may be made by diluting the previous solution with 9 jiarts of 
water or by dissolving *5 grm. crystals of permanganate of potassa in 1 
litre of water. It is to be directly standardized with correspondingly 
small quantities of iron, iron salt, or oxalic acid. 

in experiments of this kind, the fact that a certain quantity of per- 
manganate is required to impart a distinct color to pure acidihed water 
(which is of no consequence in operations where the concentrated 
solution is used) must be taken into consideration ; for where the 
solution used is so highly dilute, it takes indeed n measurable quantity 
of it to impart the desired reddish tint to the amount of water 
employed. In such cases, the volume ot the solution of iron used for 
standardizing the permanganate and the volume of the weak fer- 
ruginous solution subjected to analysis should be the same, and either 
the two solutions should contain about the same quantity of iron, or 
. by means of a special experiment, it is ascertained how many 
the permanganate are required to imjiart the desired pale red color to 
the same volume of acidified water. In the latter case, these 
c.c. will be deducted from the amount of permanganate used in the 
regular experiments. In estimating the iron in mineral waters it is of 
course taken for granted that the water contains no other substance 
which will deoxidize the permanganate such as sulphuretted hydrogen, 
organic matter, and nitrous acid, compare § 208. 

/9. Performance of the Analytical Process. 

This has been fully indicated in a. The compound to be examined 
is dissolved, preferably with application of a current of carbonic acid 
(see fig. 81), in dilute sulphuric acid, allowed to cool in the current of 

* If you are often making iron determinations, you may of couxse procure a 
quantity of wire and estimate the foreign matter in it. 
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carbonic acid, and suitably diluted (if practicable, the solution of a 
substance containing* about *2 grm. iron should be diluted to about 
200 C.C.); if free acid is not present in sufficient quantity, dilute 
sulphuric acid is added till about 20 c.c. are present altogether, and 



The strength of the solution of permanganate being known, the 
quantity of iron present in the examined li\iid is found by a very 
simple calculation. Suppose 100 c.c. of solution of permanganate of 
potassa to correspond to *98 grm. iron, and 25 c.c. of the solution to 
have b(^en used to effect the oxidation of the protoxide of iron in the 
examined compound, then 

100 : 25:: *98 : aT=-245. 

The quantity of iron originally present in the form of protoxide 
amounted accordingly to *245 grm. 

For the method of determining the total amount of iron present in 
a solution containing both ])rotoxide and sesquioxide of that metal, I 
refer to § 113 ; for that of determining the amount of each separately, 
to Section V. 

y. Process to he med with hydrochloric solutions of Iron, 

In titrating hydrochloric acid solutions of iron with permanganate, it 
is essential that the standardizing of the reagent and the actual analysis 
be performed under the same circumstances as regards dilution, amount 
of acid, and temperature. Besides the proper reaction 1 0 FeO + 
Mn.^(X = 5Fe.Pg + 2MnO, the collateral reaction 7HC1 + Mn^O, = 5C1 -r 
2Mndl4-7HO also takes place, in consequence of which a little 
chlorine is liberated. This chlorine does not oxidize the protoxide of 
iron in the case of considerable dilution, but there occurs a condition of 
equilibrium in the fluid containing protoxide of iron, chlorine, and 
hydrochloric acid, which is destroyed by addition of a further Quantity 
of either body (Lowenthal and Lenssen*). But since it is difficult to 

* ZeitBohr. f. anal. Obem. 1, 329. 
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observe the above conditions of obtaining correct results, the estima- 
tion of hydrochloric acid solutions of iron is always less trustworthy 
than the estimation of sulphuric acid solutions. 

The following method I have, however, found* to give the best 
results : — 

Standardize the permanganate by means of iron dissolved in dilute 
sulphuric acid, make the iron solution to be tested up to ^ litre, add 
60 c.c. to a large Quantity of water acidified with sulphuric acid (about 
1 litre), titrate with permanganate, then again add 50 c.c. of the iron 
solution, and titrate again, &c. &c. The numbers obtained at the 
third and fourth time are taken. These are constant, while the 
number obtained the first time, and sometimes also the second time, 
differs. The result multiplied by 5 gives exactly the quantity of per- 
manganate proportional to the amount of protoxide of iron present. 

b. Penny’s Method (recommended subse(|uently by Schabus). 

If bichromate ofpotassa is added to a strongly acid solution of prot- 
oxide of iron, the latter is converted into sesquioxide, whilst the chromic 
acid is reduced to sesquioxide of chromium (OFeO + 2CrOg = SFCgO, + 

]\ow, with *1 eq. bichromate of potassa = 14*761 grm. dissolved to 
1 litre of fluid, *6 eq. = IG'8 grm. iron may be converted from the state 
of protoxide to that of sesquioxide, and 50 c.c. of the above solution 
correspond accordingly to *84 grm. iron. 

Care must be taken to use jierfectly pure bichromate of potassa ; the 
salt is heated in a jiorcelain crucible until it is just fused ; it is then 
allowed to cool under the desiccator, and the required quantity weighed 
off when cold. Besides the above solution, another should also be 
prepared, ten times more dilute, and containing accordingly *01 eq. of 
bichromate of potassa in the litre. 

It is always advisable to test the correctness of the standard solution 
of bichromate of potassa, by oxidizing w ith it a known amount of pure 
iron dissolved to protmide (see p. 215, <^«). 

The solution of protoxide of iron is sufficiently diluted, mixed with 
a sufficient quantity of dilute sulpiiuric acid, and the standard solution 
of bichromate ofpotassa slowdy added from the burette, the liquid being 
stirred all the w’hile with a thin glass rod. The fluid, which is at first 
nearl}’^ colorless, speedily acquires a pale green tint, which changes 
gradually to a darker chrome-green. A very small drop of the mixture 
is now from time to time taken out by means of the stirring-rod, and 
brought into contact with a drop of a solution of ferricyanide of 
potassium (free from ferrocyanide) on a porcelain plate, which has been 
jotted with several of such drops. When the blue color thereby pro- 
duced begins to lose the intensity which it exhibited on the first trials, 
and to assume a paler tint, the addition of the solution of bichromate 
of potassa must be more carefully regulated than at first, and towards 
the end of the process, a fresh essay must be made, and with larger 
drops than at first, after each new addition of two drops, and finally, 
even of a single drop j drops must also be left for some time in contact 
before the observation is taken. When no further blue coloration 
ensues, the oxidation is terminated. From the remarkable sensitiveness 
of the reaction, the exact point may be easily hit to a drop. To 

Zeitochr. f. aual. Chem. 1, SSI. 
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heighten the accuracy of the results, the dilute (ten times weaker) 
standard fluid should, just at the end of the process, be substituted 
for the concentrated solution of bichromate of potassa. It is also 
well to make the iron solution up to 260 c.c., and to take 50 c.c. at 
first to make a rough determination, and then another 60 c.c. for the 
determination proper ; in this way the loss of substance inherent in the 
method is reduced to a minimum. 

If exactly ’84 grm. of the substance to be analysed has been dis- 
solved, the numbers of half c.c. used of the two standard fluids show 
how many per-cents., and tenths per cent, respectively of pure iron the 
analysed substance contains in the form of protoxide. For the manner 
of proceeding in presence of sosquioxide of iron, I refer to § 113. If 
there is a deficiency of free acid in the solution, brown chromate of 
sesQuioxide of chromium may form, upon which the solution of prot- 
oxiae of iron exercises no longer a deoxidizing action. 

The advantage of the first of these two volumetric methods is, that 
the end of the oj)eration is at once evident by the coloration of the 
fluid without any special testing ; the advantage of the second is, that 
the standard solution may easily be prepared and preserved unaltered. 
Since it has been known that the results yielded by the former 
method in hydrochloric solutions are not free from suspicion, the 
latter method, which has been for some time neglected, has come 
again into use. 

Wherever in making a volumetric estimation you are free to choose 
between a hydrochloric and a sulphuric acid solution, preference should 
be given to the latter, since it is less likely to absorb oxygen from the 
air (Pattinson*). 


§ 113. 

6. SESQUIOXIDE OF IrON. 

a. Solvtion, 

Many of the com])ounds of sesquioxide of iron are soluble in water. 
Pure sesquioxide of iron and most of those of its compounds which are 
insoluble in water, dissolve in hydrochloric acid, but many of them 
only slowly and with difficulty ; compounds of this nature are best 
dissolved in concentrated hydrochloric acid, in a flask, with the aid 
of heat; which, however, should not be allowed to reach the boiling 
point; the compound must, moreover, be finely powdered, and even 
then it will often take many hours to eflect complete solution. Some- 
times the compound (strongly ignited sesquioxide, for instance) is 
dissolved in fusing bisulphate of potash, or a mixture of 8 parts sulphuric 
acid and 3 parts water. It is frequently worth while to reduce the 
sesquioxide to metallic iron by prolonged ignition in hydrogen, and 
then to dissolve the metal. Silicates undecomposable by hydrochlori* 
acid are treated according to § 140, h, 

b. Determination, 

Sesquioxide of iron is usually weighed as such, but sometimes as 
sulphide (§ 81). It may, however, be estimated also indirectly, and 
also by volumetric analysis, both directly and after reduction to prot- 


^ Ztiitschr. f. aoal. Cbem. 9, 512, 
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oxide. The conversion of compounds of iron into sesquioxide is effected 
either by precipitation as hydrated sesquioxide, preceded in some cases 
by precipitation as sulphide of iron, or as hig'hly basic sesquichloride or 
basic acetate or basic formate of sesquioxide of iron ; or it is effected by 
ig'nition. While the volumetric and the now seldom-used indirect 
methods are applicable in almost all cases, we may convert into 

1. Sesquioxide of iron : 

a. By Precipitatimi as hydrated sesquioxide. All salts soluble in water 
with inorganic or volatile organic acids and likewise those which, 
insoluble in water, dissolve in acids, with separation of their acid. 

b. By Precipitation as srnlphide (if' iron. All com})ounds of iron with- 
out exception. 

c. By Ignitmi, All salts of sesquioxide of iron with volatile oxygen 
acids. 

2. Sulphide of iron : All compounds of iron without exception. 

The method 1, c, is the most expeditious and accurate, and is there- 
fore preferred in all cases where its application is admissible. The 
method !<, a, is the most cenerally used. The methods, 1, b, and 2, 
serve principally to etfect the separation of the sesquioxide of iron from 
other oases ; they arc resorted to also in certain instances where a is 
inapplicable, especially in cases where sugar or other non-volatile organic 
substances are present ; and also to estimate the sesquioxide of iron in 
its compounds with ])hos})horic acid and boracic acid. For the manner 
of determining the sesquioxide of iron in the chromate and silicate, I 
refer to §§ 130 and 140. The volumetric methods for estimating the 
sesquioxide are used in technical experiments almost to the exclusion 
of all others, and are very frequently employed in scientific analyses. 
The methods of precipitating the iron as basic salts will be given in 
Section V. 

1. Determination as Sesqoioande of Iron, 

a. By Precipitation as Hydrated Sesquioxide, 

A porcelain dish should be used, a beaker does not answer the pur- 
pose so well. Mix tlie solution with ammonia in excess, heat nearly to 
boiling, decant rep<^atedly on to a filter, wash the precipitate carefully 
with hot w<icer, ary thorouglily (which very greatly reduces the bulk 
of the precipitate), and ignite in the manner directed in § 53. 

For the properties of the precipitate and residue, see § 81. The 
method is free from sources of error. The preeijntate, under all cir- 
cumstances, even if there are no fixed bodies to be washed out, must 
be most thorouglily washed, since, should it retain any traces of 
chloride of ammonium, a portion of the iron would volatilize in the 
form of sesquichloride. It is also highly advisable to dissolve the 
weighed residue, or a portion of it, in strong hydrochloric acid, or to 
fuse it with bisulj)hate of potash, and treat the fusion with dilute 
^"drochloric acid to see whether the oxide is quite free from silica. 
Tiie easiest way, however, U) test it is to reduce it to metal by ignition 
in hydrogen, and then to dissolve in dilute hydrochloric acid. 

b. By Precipitation as Sulphide of Iron. 

The solution, in a not too large flask, is mixed with ammonia till 
all the free acid is neutralized, (in the absence of organic non-volatile 
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substances this leads to the precipitation of a little hydrated sesquioxide^ 
which, however, is of no consequence.) Add chloride of ammonium, 
if not already present in sufficient quantity, then colorless or yellowish 
sulphide of ammonium in moderate excess, lastly water, till the fluid 
reaches to the neck of the flask. Cork it up and stand in a warm place, 
till the precipitate has subsided, and the supernatant fluid has a clear 
yellowish appearance (without a tinge of green). Wash the precipi- 
tate, if at all considerable, by decantation and finally on the filter, 
using water containing sulphide of ammonium, and gr^ually decreas- 
ing quantities of chloride of ammonium. While decanting pour the 
fluids in a flask, and when all the decantations are over filter the fluids ; 
then transfer the precipitate to the filter and continue the washing 
uninterruptedly, keeping the funnel covered with a glass plate. Neglect 
of any of these precautions will occasion some loss of substance, the 
sul})hide of iron gradually combining with the oxygen of the air, and 
passing thus into the filtrate as protosulphate. As this sulphate is repre- 
cipitated by the sulphide of ammonium ])re8ent, the filtrate assumes, in 
such cases, a greenish color, and gradually deposits a black precipitate, 
the se{)aratiou of which is much promoted by addition of chloride of 
ammonium. 

When the operation of wasliing is completed, the moist precipitate 
(if it is not dried and determined according to 2) is put, together with 
the filter, into a beaker, some water added, and then hydrochloric acid, 
until the whole is redissolved. Heat is now applied, until the solution 
smells no longer of sulphuretted hydrogen; the fluid is then filtered 
into a flask, the residual pajier carefully washed and then incinerated, 
the ash is warmed with strong hydrochloric acid, the solution (if it 
looks yellow) diluted and filtered to the jjrincipal solution, which is 
now oxidized by heating with nitric acid (see § 112, 1)^ the oxidized 
solution is finally preci])itated with ammonia, as in a. 

If a solution of potassio-, sodio-, or ammonio-tartrate of sesquioxide 
of iron contains a considerable excess of alkaline carbonate, the precipi- 
tation of the iron as suljihide is ])revented to a greater or less extent 
(Blt^menau). In such cases the fluid must therefore be nearly neu- 
tralized with an acid, before the precipitation with the sulphide of 
anir onium can be effected. 


c. By lymtmi. 

Expose the compound, in a covered crucible, to a gentle heat at 
first, and gradually to the highest degree of intensity ; continue the 
operation until the weight of the residuary sesquioxide of iron remains 
constant. 

2. Determination as Anhydrous Sulphide of Iron. 

The hydrated sulphide of iron obtained, as in 1, maybe very 
conveniently determined by conversion into the anhydrous sulphide. 
The process is the same as for zinc (§ 108, 2). The heat to which it is 
-finallv exposed in the current of hydrogen must be strong enough, as 
an excess of sulphur is retained with some olistinacy. In fact, it is 
advisable after weighing to re-ignite in hydrogen and weigh a second 
time. It is of no importance if the hydrated sulphide has oxidized on 
drying. Protosulphate and sesquioxide of iron can be transformed into 
sulphide in the same manner, after having been dehydrated by ignition 
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in a porcelain crucible (H. Rose*). The results obtained by Oesten, 
and adduced by Rose, as well as those obtained in my own laboratory, 
are exceeding^ly satisfiictory (Expt. No. 67). 

3. Determinatim hy Volumetric Analysis, 

a. Preceded hy JMnction of the Sesqui oxide to Protoxide, 

The volumetric methods which come under this head are based upon 
the reduction of the sesquioxide to protoxide, and the estimation of the 
latter. We have, according'ly, to occupy ourselves simply with the 
reduction of the solution of the sesquioxide, the other part of the 
process having* been fully discussed in § 112. The reduction of ses- 
quioxide of iron can be effected by a host of substances (zinc, proto- 
cnloride of tin, sulphuretted hydrogen, sulphurous acid, (fee.), but only 
those can be used with advantage, an excess of which may be added 
♦with impunity. If an excess must be very carefully avoidc^d, or, being 
added, must be carefully removed, the method becomes troublesome, 
and a ready source of inaccuracy is introduced. On these grounds, 
although its action is somewhat slow, zinc, unquestionably, deserves 
the preference before all other reducing agents. 

Heat the h 3 ’’drochloric or sulj)huric acid solution, which must 
contain a moderate excess of acid, but be free from nitric acid,t in a 
small long-necked flask, placed in a slanting position ; drop in small 
pieces of iron-free zinc (§ 60) with a spiral of platinum wire or a piece 
of platinum foil, and conduct a slow current of carbonic acid through 
the flask (fig. 81, p. 219). Evolution of hj^drogen gas begins at once, 
and the color of tne solution becomes j>aler in projiortion as the ses- 
quioxide changes to protoxide. Apply a moderate heat to promote the 
action ; and add also, if necessary, a little more zinc. As soon as the 
hot solution is complete!}'' decolorized (one cannot judge of the perfect 
deoxidation of a cold solution so well, as the color of the sesquichloride 
or sesquisulphate of iron is deejier in the heat), and the whole of the 
zinc is dissolved,! allow to cool completely in the stream of carbonic 
acid ; to hasten the cooling the flask ma}' be immersed in cold water ; 
then dilute the contents with water, pour off, and wash carefully into a 
beaker, leaving behind as far as possible any flocks of lead that may 
have separated fiom the zinc, and jiroceed as directed, ]). 218, /3, if 
you have a sulphuric acid solution, as directed p. 220, if hydrochloric 
acid is present. If the solution contains metals jirecipi table by zinc, 
these will separate, and may render filtration necessary. In this case 
the filtrate must be again heated wdth zinc, before titrating. If iron- 
free zinc cannot be procured, the percentage of iron in the metal used 
must be determined, and weighed portions of it employed in the process 
of reduction ; the known amount of iron contained in the zinc con- 
sumed is then subtracted from the total amount of iron found. 

In the analysis of solid compounds of sesquioxide of iron, it is 
advisable to add some zinc while they are dissolving in hydrochloric 
acid. The solution is thereby facilitated (0. L. Erdmann§). 

♦ Pogg. Annal. 110, 126. 

f Nitric acid tinder the influence of zinc forms nitrous acid, which reduces per- 
manganate of potassa (Tebbeil, Zeitochr. f. anal. Chein. 6, 116). 

X Iron often precipitates in the zinc, and does not redissolve tiU the zinc itself dis- 
solves (A. Metsouxbucb, Zeitsohr. f. anal. Chein. 2, 72). 

g Joum. f. prakt. Chem. 76, 176. 
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With respect to the reduction of sesquichloride of iron by means of 
protochloride of tin, compare h. 

b. Without Previous Reduction to Protoxide, 

The methods under this head all depend on adding* a reducing 
agent to the solution till the sesquioxide is entirely converted into prot- 
oxide, and then determining the amount of the reducing agent used 
either directly or indirectly. Many methods have been proposed, but 
I have found those given under a and ^ the best. 

a. Redtiction by Protochloride of Tin.^ 

Having had many years’ experience with this method, I can most 
strongly recommend it. We require : 

a, A Standard Solution of Sesquichloride of Iron. This is pre- 
pared by dissolving 10*04 grm. of clean, tine, and soft iron wire 
( - 10 grm. pure iron), in hydrochloric acid in a slanting long-necked 
bask, oxidizing the solution with chlorate of potassa, completely remov- 
ing the excess of chlorine by protracted gentle boiling, and finally 
diluting the solution to 1 litre. 

h. A Clear Solution of Chloride of Tin. It should be of such a 
strength that one volume may reduce about two volumes of the sesqui- 
chloride of iron. 

c, A Solution of Iodine in Iodide of Potassium, containing about 
*010 gnu. iodine in 1 c.c. The quantity of iodine it contains need not 
be exactly known. 

The operations are as follows : — 

1. Pun 2 c.c. of the chloride of tin into a small beaker, add a little 
starch solution and o c.c. water, then iodine solution from the burette 
till the fiuid is permanently blue. About 5 c.c. iodine will be required 
for 1 c.c. chloride of tin.f Divide the c c of chloride of tin by the c.c. 
of iodine solution, and jireserve the fraction obtained. 

2. Measure off 50 c.c. of the standard iron solution into a small 
flask, add some hydrochloric acid, and heat, preferably on an iron ])late, 
to boiling. INow add chloride of tin from the burette, at first in larger, 
then m smaller quantities, allowing a certain interval between each 
addition, and kecjiing gently boiling all the while. The vellow color 
becomes lighter and lighter as the reduction progresses, l^owards the 
end add the reagent in drops, and allow sutficient time for their 
action. It is thus easy to hit the point of comjJete reduction, for the 
passage of the yellowish solution into the colorless state is readily 
jiorceived. Cool the contents of the flask, add some starch-paste, and 
then iodine from the burette, till blue. The amount of iodine used+ is 

♦ Penny and Wallace have already made use of the same principle in another 
way, but I believe I was the first to give the method a practical form (Zeitschr. f. 
anal. Chem. 1, 26). 

t The quantity of iodine hei*e used varies a little, according to the quantitv of free 
hydrochloric acid mixed with the chloride of tin. However, the ^lifferences are so 
trifling as to have no appreciable influence on the result, since in the method before 
US, the excess of chloride of tin that has to be determined is always very slight. 

J If the tin solution has been added at last very carefully, especially where the 
solution of iron is concentrated, it often happens that the excess of chlor ide of tin is 
too Boiall to be estimated. But in other cases a small excess will be found to have 
been added. In order to render the method really reliable, I consider it absolutely 
necessary to test for an excess of chloride of tin, and, if present, to deteimme it in 
the manner described. 

QUANT. VOL. I. Q 
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then transferred into chloride of tin (bv multiplying^ by the fraction 
obtained in 1), which is deducted from the whole quantity of chloride 
of tin used, and the remainder is the amount necessary to convert 
*5 grm. of iron from the condition of sesquioxide to that of protoxide. 

3. Having* thus standardized the protocliloride of tin, we may em- 
ploy it for our j)urpose as follows : Dissolve the compound of iron in 
nyarochloric acid, convert any protochloride jn'esent into sesquichloride, 
according* to one of the methods given, § lit?, 1, at or c, remove every 
trace of free chlorine, and lastly, to the sufficiently concentrated solu- 
tion add the chloride of tin, as described in 2, and determine any 
excess of the latter. The amount of iron in our substance may then be 
obtained from the chloride of tin used by a simple rule-of- three sura. 
Suppose, for instance, 25 c,c. of the tin solution correspond to *5 grm. 
of iron (t.e., are capable of converting exactly ‘5 grm. iron from sesqni- 
»to protoxide) and 20 c.c. of the tin solution have been used to reduce 
the unknown quantity of iron, 

25 : *5 : : 20 : a? ; £c = ‘4 

and the amount of iron in the substance was *4 grm. The method 
affords exceedingly satisfactor}" results.* 

But all the operations must be done at once, so as not to leave time 
for the strength of the tin solution to be altered by the action of the 
air. It is preferable to use a rather strong solution of tin (and conse- 
(juently rather large quantities of substance) than to use a very dilute 
solution of tin, on which the air would have more action. 

The tin solution is made as follows : — Melt tin in a porcelain dish, 

and while cooling rub it with 
a pestle. Heat the powder so 
obtained with hydrochloric 
acid of 1*12 sp. gr. till, the 
tin being in excess, no more 
hydrogen is ^iven off. When 
cold, pour ofl or filter the so- 
lution and add 8 volumes of 
hydrochloric acid and 6 vo- 
lumes of water. To keej) the 
solution, it is well to use an 
arrangement which prevents 
or as far as possible limits 
the action of the air. 

Formerlyt the air enter- 
ing the bottle containing the 
tin solution was made to pass 
through tubes containing 
phosphorus and pyrogallate 
of potash, to free it from 
oxygen ; now I prefer the 
apparatus, fig. 82, especially 
for large laboratories. The 
syphon tube, f, is filled by 
blowing air through h. The 
clip, g, is then put on, the 

* ZeitscUr. f. aoal. Chem. 1, 26. + Jh. 2, 68, 
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constant carbonic acid apparatus, e, is connected with the stopper, «, 
is loosened, and the air in the latter replaced by carbonic acid. When 
any tin solution is drawn off by loosing the clip, <7, an equal volume of 
carbonic acid ])a8se8 from c to a, and g being closed the evolution of 
carbonic acid ceases as soon as the acid is pressed out of d. d, which 
contains marble, has of course a small opening at the bottom ; it is 
held down by the plaster plate, h, 

fi. Redtiction hg iodide of pota&smm^ and estimation of the liberated iodine 
by hyposulphite of soda* 

If excess of iodide of potassium acts upon solution of sesquichloride 
of iron at a certain heat, the following reaction takes place : Fe^C^lg + 
KI = 2FeCl + KCl + I. The iodine remains in solution in the excess of 
iodide of yjotassium ; it is determined by standard solution of hypo- 
sulphite of soda, and gives by calculation the quantity of iron present,* 
since 1 eq. iodine = represents 2 eq. iron = 5G. The reaction 

between the iodine and the hyposulphite of soda is 2(NaO,S,OJ + I = 
Nal + NaO,S/)g. 

The method requires — 1. A solution of hyposulphite of soda con- 
taining about 12 grm. of the cr3’stals in the litre. 2. Iodide of potas- 
sium free from iodate (§ 05, 0). 3. Solution of sesquichloride f)f iron 

of known strength, free from ])rotosalt and free chlorine, compare 
§113, &, a; the solution there described containing *1 gTin. iron in 
10 c.c. is very suitable. 4. A few bottles holding 100 to 150 c.c. with 
closely fitting stoppers. 5. Thin freshly prepared starch paste. 

hyposulphite of soda is titrated asJolUm\^, Take two of the bottles 
and into each measure 10 c.c. of the iron solution. In order that the 
solution may only be slightl}’ acid, add dilute soda till a few docks 
begin to separate and then hydrochloric acid (*5 to 1 c.c. of sp. gr. 1*1 ) 
to redissolve them. The solution should nut be brownish -red t)ut dark- 
yellow. Add to each bottle about 3 grin, iodide of potassium, insert 
the sto])pers firmly, fasten them down with moist parchment paper, or 
wire or string, and warm the bottles to 50° or 00° ^ this is best done by 
susj)ending them over a water bath, so that they nuw catch the steam. 
In 15 or 20 minutes the action is com])lete. Allow to cool and then 
run in the hyposulphite from the burette till the solution is very jaile 
yellow, add about 1 c.c. of the thin starch, and then again hyposulphite 
till the blue color is just discharged. The c.c. used correspond to the 
iodine seyiarated by the agency of *1 grm. iron, and therefore to *1 grin, 
iron present as sesquichloride. 

The estimation of iron in a solution of an unknown amount is con- 

* Tlie method to be described passed through many phases before it arrived at the 
present state. Duflos and afterwards Stkeno employed the reiuotion of sesqui- 
chloride of iron by hydriodic acid for estimating iron. In 1858 (Annal. d. Ohem. u 
Pharm. 105, 63) (3. Mohr studied the influence of dilution on this reaction. In 1860 
Fr. Mohr (Annal. d. Chem. u. Pharm. 113, 257) described a mode of proceeding in 
which the iodide of potassium was not ad<ied in excess, and played the part more of 
an indicator ; still the process was not quite satisfactory. In the same year C. D. 
Braun (.lourn. f..prakt. Chem. 81, 423) applied the method to estimate the sesqui> 
chloride of iron produced by the action of nitric acid on the protochloride, but he 
improved upon it by using excess of iodide of potassium, aiding the action by heat 
and determining the separated iodine after cooling. In 1863 Fr. Mohr (Zeitschr. f. 
anal. Chem. 2, 243) described the method, adopting Braun’s improvements, but 
titrating the hyposulphite solution by iodine separated by means of bichromate of 
pntassa. In 1864 Braun (Zeitschr. f. anal Chem. 3, 452) described again his method 
of proceeding in detail. 
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ducted in the same way as the titration of the hyposulphite of soda. 
All the iron must be in the state of sesquichloride or sesquioxide, and 
of course no other substance may be present which mij^ht decompose 
the iodide of potassium, such as free chlorine and nitric acid. It is 
well to take a quantity of the substance containin«: not much more or 
much less than *1 grm. The free acid present must be nearly neutralized 
as directed above. 

If it was found that *1 ^m. iron = 18*4 c.c. hyjmsulphite, and if 
24*5 c.c. of the latter were required in an analysis, then the iron 
present is *13815 ^rm., for 18*4 : *1 ::24*5 .* *13310. 

The method g-ives good results and is much to be recommended for 
the estimation of small quantities of iron. 

y. IMuction bi/ hyposulphite of soda in the presence of a copper salt^ after 
o OUDEMANS.* 

If au acid solution of sesquichloride of iron is mixed with a little 
sulphate of cop])er and some suljdiocyanide of ])otassium and then 
hyposulphite of soda is added, the red color of the sesquisul}>hocyanide 
of iron gets })aler and paler, and finally disappears altogether. 
Warming is unnecessary. To hit the point is not easy, so we add a 
slight excess of In'posuljdiite of soda, and then titrate back with 
standard iodine. The reaction is as follows: Fe^Clg + 2(JNaO,Sj,Ojj) = 
2FeCl 4 - ]Va 0 ,S ^05 + NaCl ; it is j)roinoted by the addition of a small 
(juantity of suljdiate of copjier, which is alternately reduced by the 
hyposulphite and oxidized by the sesquichloride of iron. If a small 
quantity of subsalt of copper is produced by the excess of hyposulphite 
this does not matter, as its action on the iodine solution is the same in 
extent as the action of the hyposul]diite which ])roduced it. The 
method is not accurate unless the fluid remains clear; neither sub- 
sulphocyanide of copper nor subiodide of co])per nor sulphur must be 
thrown down. Hence care must be taken to maintain the jiroper 
amounts of the reagents and to dilute the fluid sufliclentl3^ 

We require — 1. A solution of hyjiosuljdiite of soda. 2. A solution 
of sesquichloride of iron of known strengtli (see ^ for these two solu- 
tions). 3. A solution of sulphate of copj>er, 1 in 100. 4. A solution 

of sulphocyanide of potassium, I in lOO. 5. A solution of iodine in 
iodide of polassiiun, containing 5 or (i grm. iodine in the litre (compare 
§ 143, 3). 6. Thin starch paste. 

Measure oft* some of the hyposulphite of soda, add starch paste 
{S 143, 3), and then titrate with iodine solution, in order to determine 
the relation between the two solutions. Now transfer 10 or 20 c.c. 
of the sesquichloride of iron to a beaker, add 2 c.c. concentrated 
hydrochloric acid, 100 or 150 c.c. water, 3 c.c, copper solution, and 
1 c.c. sulphocyanide of potassium, titrate with hyposulphite till the 
fluid just loses its color, add at once some starch paste, and titrate back 
with iodine solution till the blue color appears. Deduct the hypo- 
sulphite equivalent to the iodine solution from the total quantity of 
liypofeulphite used, and the remainder will rej)re8ent the iron present. 

♦ Hypobulphifce of soda was first employed by Schekfr (Gel. Anz. der K. Bayer- 
ischen Akadeiiiie, vom 'c\ Aug 18.59), afterwards by Kbemeb and Landolt (Zeitsclir, 
f. anal. Ct:em. 1, 214). The method of Oudemavs is to he found in Zeitschr. f. anal. 
Chem. 6, 129; it was criticised and rejected in Mohk’s Lehrb. d. Titrirmetbode 
S Aufl. 291. OupEMANS replied to Momb in Zeitschr. f. anal. Cheni. 9, 842, and ati 
examination of the method by C. Balling, appeared in the same journal, 9, 99. 
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In the analysis the conditions should be similar to those in the 
standardizing* of the hyposuh3hite. 

This method is very rapid, and the results, though not so accurate 
as those by methods o and ^8, are quite good enough for many 
technical purposes. 

Supplement to §§ 112 and 113. 

Besides the methods given in §§ 112 and 113, there are several 
others, especially indirect methods, by which the estimation of iron ma 3 ^ 
be effected; some of these are old, others have been proposed lately. 
However, as the}" either are in no way superior to those already de* 
scribed, or find only limited application, 1 confine myself here to a 
mere brief description of the most important among them. 

1. Fuchs’s method.* The solution, which contains the iron as 
sesquioxidf', and must be free from nitric acid, is mixed with hydro* 
chloric acid, and boiled with weighed strips of metallic copper, until the 
fluid has become light green; the quantity of iron is estimated from 
the loss of weight of the copper (Fe.^Cl, -f 2Cu = 2FeCl + CujjCl). The 
method only yields satisfactory results on the most careful exclusion 
of the air. Ine circumstances most favourable to success have been 
studied by LciWK and Konig, and will be described in detail, under 
the Analysis of Iron Ores,” m the Special Part. 

2. The solution, which contains tlie iron as srsquioxide, and must be 
free from metals of the fifth and sixth groujis, as well as from other 
substances exercising a decomposing action u})on siilj>huretted hydrogen, 
is precipitated with clear sulphuretted hydrogen water in excess, all 
application of heat being avoided. After a few days the precipitated 
sulphur is determined, and the amount of sesquioxide of iron calculated 
therefrom (Fe^O, + H8 = 2FeO + HO + 8) (H. Rose), Results accu- 
rate, conqiare IJelffs.I 

3. The solution, which contains the iron as protoxide^ is mixed with 
sodio-tercliloride of gold in excess, the flask closed, and the reduced 
gold which separates determined. GFeCl + AuClj, = 3Fe^Clj + An 
(H. Rose). 

§ 114. 

Supplonent to the Fourth Group, 

7. Sesquioxide of Uranium. 

If the compound in which the uranium is to be determined contains 
no other fixed substances, it may often be converted into protoscsquwxide 
(UOjUjO,) by siinjde ignition. If sulphuric acid is present, small por- 
tions of carbonate of ammonia must be thrown into the crucible towards 
the end of the operation. 

In cases where the application of this method is inadmissible, the 
solution of uranium (which, if it contains protoxide, must first be 
warmed with nitric acid, until the protoxide is converted into ses(pii- 
oxide) is nearly boiled in a platinum or porcelain dish, and precipitated 
with ammonia in slight excess. The yellow precipitate formed, which 
consists of hydrated ammmw^sesquioxide of uranium^ is filtered off hot 
and washed with a dilute solution of chloride of ammonium, to prevent 


JoarD. f. prakt. Chem. 17y 160. 


*t* Chem. Ceutralbl. 1856, 839. 
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the fluid pasMUfic milky througrh the filter. The precipitate is dried 
and ignited (§ 63). To make quite sure of obtaining the protosesqui- 
oxide in the pure state, the crucible is ignited for some time in a 
slanting position and uncovered; the lid is then put on, while the 
ignition is still continuing ; the crucible is allowed to cool under the 
desiccator, and weighed (Rammelsbero). 

If the solution from which the sesquioxide of uranium is to be pre- 
cipitated contains other bases (alkaline earths, or even alkalies), j)or- 
tions of these will precipitate along with the ammonio-sesquioxide 
of uranium. For the measures to be resorted to in such cases, I refer 
to Section V. 

The reduction of the protosesquioxide of uranium to the state of 
protoxide (UO) is an excellent means of ascertaining its purity for the 
purpose of control. This redu(‘tion should never be omitted, since 
Vflkiot has found the protosesquioxide to be variable in composition. 
It is effected by ignition in a current of hydrogen gas, in the way 
described § 111, 1 (Cobalt). In the case of large quantities the igni- 
tion must be several times rejieated, and the residue must be occa- 
sionally stirred with a platinum wire. While cooling increase the 
current of gas to ])revent reahsorjition of oxygen. By intense heating 
the property of spontaneous ignition in the air is destroyed. If after 
evaporating a solution of sesquichlonde of uranium, the residue is to be 
ignited in hydrogen ; heat gently at first m the gas to avoid the loss 
of small (|uan titles of oxychloride. 'The sejiaiation of sescjuioxide of 
uranium from jihosjihoric acid is effected by fusing the compound with 
cyanide of potassium and carbonate of soda. Uj)on extracting the 
fused mass with water, the phosphoric acid is olitained in solution, 
w'hilst the uranium is left as jirotoxide. Knop and Arendt* have 
emjJoyed this metliod. 

The equivalent of protosesquioxide of uranium = 210*1?, viz., 178*2 
of uianium and 32 of oxygen. In 100 parts, the comjiound consists of 
84*7? of uranium and 16 23 of oxygen. The eijuivalent of jjrotoxide of 
uranium is 07*4, viz., 60*4 of uranium and 8 of oxygen ; in 100 parts, 
tiie j)rotoxide consists of 88*13 of uranium and 11*87 of oxygen. 

According to BEJ.OHoriiECK,t uranium may be also determined 
voluinetrically bj reducing the solution of the sesquisulphate or acetate 
with ziiic, as m the case of iron (§ 113, 3, a). As the color of the 
solution is no safe criterion of the end of the reduction, you must allow 
the action of the zinc to continue for a considerable time. Belohop- 
beck says, a quarter of an hour is sufficient for small quantities, half 
an hour for large quantities. The solution of the jirotoxide is diluted, 
mixed with dilute sulphuric acid, and then titrated with permanganate 
to incipient reddening. I'he permanganate is standardized by § 112, 2, 
1 eq. uranium = 1 eq. iron. 

Belohoubeck obtained good results also in hydrochloric solutions, 
but experiments made in this laboratory liave shown that these are 
liable to the error pointed out in the case of iron (Comp. p. 21U, -y), at 
least in the presence of considerable quantities of hydrocliloric acid. 


Chem. CeotralbUtt, 1856, 773. 
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FIFTH GROUP. 

OXIDE OF SILVER — OXIDE OF LEAD — SUBOXIDE OF MERCURY — OXIDE 
OF MERCURY — OXIDE OF COPPER — TEROXIDE OF BISMUTH — OXIDE 
OF CADMIUM — (PROTOXIDE OF PALLADIUM). 

§ 115. 

1. Oxide of Silver. 

a. Solution, 

Metallic silver, and those of its compounds which are insoluble in 
water, are best dissolved in nitric acid (ii soluble in that acid). Dilute 
nitric acid suffices for most compounds ; sulphide of silver, however, 
requires concentrated acid. The solution is effected best in a flask, 
which should be heated if necessary, and placed in a slanting position* 
if gas IS evolved. In the case of metallic silver, or sulphide oi silver, 
the solution is heated finally to gentle boiling to drive off nitrous acid, 
f'liloride, bromide, and iodide of silver are insoluble in water and in 
nitric acid. To get the silver contained in chloride and bromide in 
solution, proceed as follows : — Fuse the salt in a porcelain crucible (this 
oj)eration, though not absolutely indispensable, had better not be 
omitted), pour water over it, put a piece of clean cadmium, zinc, or iron 
u])on it, and add some dilute sulphuric acid. Wash the reduced spongy 
silver, first with dilute sulphuric acid, then with water, and nnally 
dissolve it in nitric acid. However, as we shall see below, the quan- 
titative analysis of these salts does not necessarily involve their 
solution. 

h, Daterminatim, 

Silver may be weighed as chhridv^ i;tdphid(\ or cyanide^ or in the 
metallic state (§ 82). It is also frequently determined by volumetric 
analysis. 

We may convert in ,o 

1. Chloride of silver: All compounds of silver without ex- 
ception. 

2. Sulphide of silver: 3. Cyanide of silver; All com- 
pounds soluble in water or nitric acid. 

4. Metallic silver : Oxide of silver, and some of its compounds 
with readily volatile acids ; salts of silver with organic acids ; chloride, 
bromide, iodide, sulphide, and sulphate of silver. 

The method 4 is the most convenient, especially when conducted in 
the dry way, and is preferred to the others in all cases where its appli- 
cation is admissible. The method 1 is that most generally resorted to. 
2 and 3 serve mostly only to effect the separation of oxide of silver 
from other bases. 

In assays for the Mint, silver is usually determined volumetrically 
by Gay-Lussac's method. Pisani’s volumetric method is esp)ecia^ 
suited to the determination of very small quantities of silver. H. 
Vogel's method is specially useful to photographers. The estimation 
of silver by cupellation will be described in the Special Part, under the 
Analysis of Galena. 
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1. Determination of Silver as Chloride. 

a. In the Wet Way* 

Mix the moderately dilute solution in a beaker with nitric acid, heat 
to about 70°, and add hydrochloric acid with constant stirring till it 
ceases to produce a precipitate. A large excess of hydrochloric acid 
must be avoided, as the precipitate is not absolutely insoluble therein. 
While protecting the contents of the beaker from the action of direct 
sunlight continue the heat till the precipitate has iully settled, pour oft* 
the clear fluid through a small filter, rinse the precipitate on to the 
latter by means of hot water mixed with some nitric acid, wash with 
hot water containing nitric acid, then with pure hot water, dry 
thoroughly, transfer the precipitate to a watch-glass as nearly as pos- 
sible, incinerate the filter m a weighed porcelain crucible, treat the ash 
(which always contains some metallic silver) with a few drops of nitric 
acid in the heat ; add two or three drops of hydrochloric acid, evaporate 
cautiously to dryness, add the main bulk of the precipitate, usin^ a 
camel’s hair brush to transfer the last portions, heat cautiously till it 
begins to fuse at the edge, allow to cool, and weigh. 

To remove the fused mass without breaking the crucible, lav a 
small piece of iron or zinc upon it, and then add very dilute hydro- 
chloric or sulphuric acid. The chloride will be reduced, and the silver 
may now be detached from the crucible with the greatest ease. 

For the properties of the precipitate see § 82. The method gives 
very exact results, at all events in the absence of any considerable 
quantities of those salts in which chloride of silver is somewhat soluble ; 
compare § 82. To avoid error in this respect, it is well to test the 
clear filtrate with sulphuretted hydrogen. 

h. In the Diy Way. 

This method serves more exclusively for the analysis of bromide 
and iodide of silver, altliough it can be ajiplied in the case of other 
compounds. The process is conducted in the a])paratus illustrated by 
fig. 88. ^ 

a is an ajqiaratus for disengaging chlorine ; If contains concentrated 
sulphuric acid, c chloride of calcium ; d is a bulb-tube intended for the 
reception of tlie iodide or bromide of silver ; and e serves to conduct 
the chlorine gas into the open air, or into a flask containing hydrate of 
lime. The operation is commenced by introducing the compound to 
be analysed into the bulb, and applying heat to the latter until its con- 
tents are fused ; when cold, the tube is weighed and connected with 
the apparatus. Chlorine gas is then evolved from a ; when the evolu- 
tion of the gas has proceeded for some time, the contents of the bulb 
are heated to fusion, and kept in this state for about fifteen minutes, 
agitating now and then the fused mass. The bulb-tube is then re- 
moved from the apparatus, allowed to cool, and held in a slanting 
position to replace the chlorine by atmospheric air ; it is subsequently 
weighed, then again connected with the apparatus, and the former 
process repeated, keeping the contents of d in a state of fusion for a 
few minutes. The operation may, in ordinary cases, be considered con- 
cluded if the weight of the tube suffers no variation by the repetition of 
the process. If the highest degree of accuracy is to be attained, heat 
the chloride of silver again to fusion, passing at the same time a slow 
stream of pure, dry, carbonic acid through the tube, in order to drive 
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S’* 7 j chlorine absorbed by the fused chloride. Allow to cool 

hold obliquely for a short time, so as to replace the carbonic acid bv 
aiFy and nnally weigh. 



Fig. 83. 

2. Determination as Sulphide of Silver, 

Sulphuretted hydro<ren precipitates silver completely from acid, 
neutral, and alkaline solutions ; sulphide of ammonium precipitates it 
from neutral and alkaline solutions. The precijiitate does not settle 
clearly and rapidly except a free acid or salt be present (such as nitric 
acid or an alkaline nitrate). Recently prejiared perfectly clear solution 
of sulphuretted hydrogen may be employed to jirecipitate small quan- 
tities of silver ; to precipitate larger quantities, the solution of the salt 
of silver (which must not be too acid) is moderately diluted, and washed 
6ulj)huretted hydrogen gas conducted into it. After complete precipi- 
tation has been effected, and the sulphide of silver has perfect^ sub- 
sided (with exclusion of air) it is collected on a weighed Alter, washed, 
dried at 100°, and weighed. For the properties of the precipitate, see 
§ 82. This method, if properly executed, gives accurate results. The 
operator must take care to filter quickly, arnl to prevent the access of 
air as much as possible during the filtration, since, if this precaution 
be neglected, sulphur is likel}' to sejiarate from the sulphuretted hydro- 
gen water, which, of course, would add falsely to the weight of the 
sulphide of silver. If the presence of a minute quantity of sulphur in 
the precipitate is suspected, treat it after drying with pure bisulphide 
of carbon on the filter repeatedly, till the fluid running through gives 
no residue on evaporation in a watch-glass ; dry and weigh. 

The sulphide must, however, never be weighed as just described, 
unless the analyst is satisfied that no considerable amount of sulphur 
has fallen down with it^ as would occur if the fluid contained hypo- 
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nitric acid, aesquioxide of iron, or any other substance which decom- 
poses sulphuretted hydrog;en. In case the precipitate does contain 
much admixed sulphur, the simplest process is to convert it into me- 
tallic silver (H. Rose*). For this purpose it is transferred to a weig*hed 
porcelain crucible, the filter ash is added, and the whole is heated to 
redness in a stream of hydrogen, the apparatus described in § 108 
beinff employed. Results accurate. 

Should the ap])aratus in question not be at the operator’s disposal, 
he may, after complete wasliinji* of the precipitate, carefully rinse it into 
a porcelain dish (without injurinfi: the weighed filter), heat it once or 
twice with a moderately strong solution of pure sulphite of soda, re- 
transfer the })rec*i])itate (now freed from admixed sulphur) to the old 
filter, wash well, dry and weigh (J. LciWEf); or he may treat the dried 
^ precipitate, together with tlie filter-ash, with moderately dilute chlorine- 
tree nitric acid at a gentle heat, till complete decomjiosition has been 
effected (till the undissolved sulphur has a clean yellow appearance), 
filter, wash well, and jiroceed according to 1, a. 

3. Determinathm as Cyanide of Silver. 

Mix the neutral solution of silver with C 3 ’^anide of potassium, until 
the precipitate of c^^anide of silver wdiich forms at first is redissolved ; 
add nitric acid in slight excess, and apply a gentle heat. If the solu- 
tion contains free acid, this must be first neutralized with potash or 
carbonate of soda. After some time, collect the precipitated cyanide of 
silver on a weighed filter, wash, dr^-^ at 100®, and weigh. For the 
properties of the precijntate, see § 8:2. The results are accurate. 

4. Detemiination as Metallic Silver. 

a. In file Dry Way. 

Oxide of silver, carbonate of silver, &c., are easily reduced by simple 
ignition in a porcelain crucible. In the reduction of salts with organic 
acids, the crucible is kept covered at first, and a moderate heat apjilied ; 
after a time the lid is removed, and the heat increased, until the whole 
of the carbon is consumed. For the projierties of the residue, see § 82. 
The results are absolutely accurate, except as regards salts of silver 
with organic acids ; in the analysis of the latter, it not unfrequently 
happens that the reduced silver contains a minute portion of carbon, 
which increases the weight of the residue to a trifling extent. 

If it is desired to transform chloride, bromide, or sulphide of silver 
into metallic silver, for the purpose of analysis, they are heated in a 
current of pure h}"drogen to redness, till the weight remains constant. 
The process may be conducted in a porcelain crucible or a bulb-tube. 
In the former case, the apparatus described § 108, fig. 79, is used ; in 
the latter the apparatus represented p. 233, with the substitution, of 
course, of hydrogen for chlorine. If the bulb-tube is used, it must, 
after cooling and before being weighed, be held in an inclined position, 
so that the nj'drogen may be replaced by air. The results are perfectly 
accurate. Iodide of silver cannot be reduced in this way. 

b. In the Wet Way. 

If the solution contains nitric acid add sulphuric acid, evaporate till 
all the nitric acid is driven off, dissolve the sulphate of silver in hot 


Pogg. AnnaL 110, 189. 
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water, transfer to a weighed porcelain cnicible, and place therein a rod 
of cadmium The reduction soon takes place, and the separated metal 
may be readily removed from the cadmium and united to a coherent 
mass. vVarm the latter with the acid ‘fluid till hydrogen ceases to escape 
wash with hot water by decantation, dry and ignite. Results accurate 
(A. Classen*). Cadmium is preferable to zinc, as the latter generally 
leaves behind a little lead when dissolved in dilute sulphuric acid. 

5. Volumetric Methods, 

I. Gay-Lussac’s. 

This, the most exact of all known volumetric processes, was intro- 
duced by Gay-Lussac as a substitute for the assay of silver by cupella- 
tion, was thoroughly investigated by him, and will be found fully 
described in his work on the subject. This method has been rendered 
still more precise by the resi^arches of G. J. Mulder, to whose exhaus- 
tive moiiograjihf I refer tlie sjiecial student of this branch. I shall 
here coniine myself to giving the process so far as to suit the require- 
ments of the chemical laboratory, taking only for granted that the 
analyst has the ordinary measuring apparatus, etc., at liis disjiosal. 
Mulder’s results will be made use of to the full extent possible under 
these circumstances. 

a . Requisites. 

a. Solution of chloride op sodium. Take chemically pure 
chloride of sodium — either artificially prepared or pure rock-salt — 
jiowder it roughly and ignite moderately (not to fusionl). Now dis- 
solve 5*4202 grin, in distilled water to 1 litre, measured at IG'". 100 c.c. 
of this solution contains a quantity of chloride of sodium equivalent 
to 1 grm. of silver. The solution is kept in a stoppered bottle and 
shaken before use. 

)3. Decimal solution op chloride of sodium. Transfer 
50 c.c. of the solution described in a to a 500 c.c. measuring flask, fill 
uj) to the mark with di^tllled water and shake. Each c.c. of this decimal 
solution corresponds to *001 grin, silver. The measuring must be per- 
formed at 10°. The solution is kept as the other. 

y. Decimal silver SOLUTION. Dissolve *5 grm. chemically pure 
silver§ in 2 to c.c. pure nitric acid of 1*2 sp. gr., and dilute the solu- 

* Zeitschr. f. anal. (^heni. 5, 40*2. The method proposed by Millon and CoM- 
MAILLB (/6, 2, 212) of precipitating the silver with ammonio-subcbloride of copper has 
been tested by Stas (76. 0, 4j6) and also by myself, and not found worthy of recom- 
mendation. 

t Die Silberprobirmethode (see note p. 139). 

t Ou fusion, if the llaiiie can in the least way act upon it, it takes an alkaline 
reaction, since under the influence of vapor of water and carbonic acid, a little 
hydrochloric acid is foi med and escapes, while a corresponding quantity of carbonate 
of soda remains. 

§ For the preparation of pure silver Stas recommends the following method : 
Take crude nitrate of silver containing copper, fuse in order to decompose any nitrate 
of platinum which may be present, dissolve in dilute ammonia, allow to stand 48 
hours, filter and dilute till the fluid (ioes not contain more than 2 per cent, silver. Add 
sulphite of ammonia iu excess. To ascertain how much sulphite will be required 
make a small preliminary test ; as soon as after heating the blue solution loses all 
color, you may be sure that enough of the sulphite has been added. Warm ou a 
water- bath to 60® or 70®, when all the silver will be thrown down as a metallio 
powder, allow to cool and wash by decantation with diluted ammonia till the wash- 
ings ure free from copper and sulphuric acid. Now digest the metal for several days 
with strong ammouia, wash, dr^, and fuse with a flux of borax and nitrate of soda. 
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tion with water exactly to 600 c.c. measured at 16°. Each c.c. con- 
tains '001 grm. silver. The solution is kept in a stoppered bottle and 
protected ag*ainst the influence of light. 

S . Test- BOTTLES. These should be of colorless glass, holding 
easily 200 c.c., closed with well-ground glass- stoppers, running to a 
point below. The bottles fit into cases blackened on the inside, and 
reaching up to their necks. In order to protect the latter also from 
the action of light, a black-cloth cover is employed. 

h . Principle. 

Suppose we know the value of a solution of chloride of sodium, i.e., 
the quantity that is necessary to precipitate a given amount of silver, 
sa}^ 1 grm., we are in the ])osition, with the aid of this solution, to 
determine an unknown amount of silver, for if we put a; for the 
unknown amount of silver, then 

c.c. of solution used for 1 grm. : c.c. used for x : :l grm. : .r. 

But if we examine wdiether 1 eq. chloride of sodium dissolved in 
water actually precipitates 1 eq. of silver dissolved in nitric acid exactly, 
we find tliat this is not the case.* On the contrary, the clear super- 
natant fluid gives a small precipitate both on the addition of a little solu- 
tion of chloride of sodium, and on the addition of a little silver solution, 
as Mulder has most accurately determined. The value of a solution 
of chloride of sodium in the sense explained above canilot, therefore, 
be reckoned from the amount of salt it contains, by calculating 1 eq. 
silver for 1 eq. chloride of sodium, but it can only be obtained by 
experiment. Mulder has shown that the temperature and the 
degree of dilution have some influence, and also that this fact is to be 
explained on the ground of the solvent power of the nitrate of soda 
produced on the chloride of silver. In the solution thus formed we 
have to imagine NaO,NO^ and IVaCl with AgO,NOj in a certain state 
of equilibrium, which on the addition of either NaCl or AgOjNO^ is 
destroyed, chloride of silver being precipitated. 

From this interesting observation it follows, that if to a silver- 
solution w e add at first concentrated solution of chloride of sodium, 
then decimal solution drop by drop, till the exact point is reached 
when no more precipitate appears, now, on addition of decimal silver- 
solution, a small precipitate will be again produced ; and if we add the 
latter drop by drop, till the last drop occasions no turbidity, then again 
decimal solution of chloride of sodium will give a small precijatate. 
On noticing the number of drops of both decimal solutions which 
are required to pass from one limit to the other, we find that the same 
number of each are used. Let us suppose that we had added decimal 
solution of chloride of sodium till it ceased to react, and had then used 
20 dropsf of decimal silver-solution, till this ceased to produce a 
ftirther turbidity, we must now again add 20 drops of decimal solution 
of chloride of sodium, in order to reach the point at which this ceases 
to react. Were we to add only 10 instead ol these 20 drops, we have 

* If bromide of sodium or potassium is used, complete precipitatiou would ensue on 
addition of an equivalent quantity ol silver solution, since bromide of silver is not at 
ail soluble in the supernatant fluid (Iistah, Oompt. rend. 67, 1107). 

t Twenty drops from Muldibk’s dropping apparatus are equal to 1 c.c. 
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the neutral point, as Mulder calls it, the point at which both 
silver and cnloride of sodium produce equal precipitates. 

We have, therefore, 3 different points to choose from for our final 
reaction : «, the point at which chloride of sodium has just ceased to 
precipitate the silver ; the neutral point ; <?, the point at which silver- 
soltition has just ceased to precipitate chloride of sodium. Whichever 
we may choose, we must Keep to it, Le,^ we must not use a different 
point in standardizing the chloride of sodium solution and in performing* 
an analysis. The difference obtained, by using first a and then h is, 
according to Mulder, for 1 grm. silver, at 16°, about *5 mgrm. silver ; 
by employing first a and then c, as was permitted in the original 
process of Gay-Lussac, the difference is increased to 1 mgrm. 

For our object, it appears most convenient to consider, once for all, 
the point a as the end, and never to finish with the silver-solution. If 
the point has been overstepped by the addition of too large an amount 
of decimal solution of clilonde of sodium, 2 or 3 c.c. of decimal silver- 
solution should be added all at once. The end-point is then found by 
carefully adding decimal solution of chloride of sodium again, and the 
quantity of silver in the silver-solution added is added to the original 
amount of silver weighed off. 

<?. Performance of the Process. 

This is divided into t^^ o operations — a, the titration of the chloride 
of sodium solution ; /3, the assay of the silver alloy to be examined. 

a. Titration of the Chloride of Sodium Solution. 

Weigh off exactly from 1*001 to 1*003 grm. chemically pure silver,* 
put it into a test-liottle, add h c.c. perfectly j>ure nitric acid, of 1*2 s]). 
gr., and heat the bottle in an inclined position in a water- or sand-bath 
till conqilete solution is eflected. Now blow out the nitrous fumes 
from the upjier jiart of the bottle, and after it has cooled a little, place 
it in a stream of water, the temperature of \vhii*h is about 16°, and let 
it remain there till its contents are cooled to this degree, wipe it dr}^, 
and place it in its case. 

Now fill the 100 c.c. jiipette with the concentrated solution of 
chloride of sodium, which is then allowed to flow into the test-bottle 
containing the silver- solution, f Insert the glass -stopper firmly (after 
moistening it with water), cover the neck of the bottle with the cap of 
black stuff belonging to it, and shake violently without delay, till the 
chloride of silver settles, leaving the fluid perfectly clear. Then take 
the stopper out, rub it on the neck, so as to remove all chloride of 
silver, replace it firmly, and by giving the bottle a few dexterous turns, 
rinse the chloride down from the upper part. After allowing to rest a 
little, again remove the stopper, and add, from a burette divided into 

c.c., decimal chloride of sodium solution, allowing the drojis to fall 
against the lower part of the neck, the bottle being held in an inclined 
position. If, as aoove directed, 1*001 to 1*003 grm. silver have been 
employed, the portions of chloride of sodium solution at first added 
may be J c.c. After each addition, raise the bottle a little out of its 
case, observe the amount of precipitate produced, shake till the fluid 

♦ See note, p. 235. 

t The pipette, having been filled above the mark, should be fixed in a support, 
before the excess is allowed to run out, otherwise the measurings will not be suffi- 
ciently accurate. 
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has become clear affain, and proceed as above, before adding each 
fresh quantity of chloride of sodium solution. The smaller the pre- 
cipitate produced, the smaller should be the q^uantity of chloride of 
sodium next added ; towards the end only two drops should be added 
each time ; and quite at the end read off the height of the fluid in the 
burette before each further addition. When the last two drops give no 
more precipitate, the previous reading is the correct one. 

If by cnance the point has been overstepped, and the time has been 
missed for the proper reading off' of the burette, add 2 to 3 c.c. of the 
decimal silver solution (the silver in which is to be added to the (pian- 
tity tirst weighed), and try again to hit the point exactly by careful 
addition of decimal chloride of sodium solution. 

The value of the chloride of sodium solution is now known. Reckon 
it to 1 grm. silver. 

Suppose we had used for 1*002 grm. silver, 100 c.c. of concentrated 
and 3 c.c. of decimal chloride of sodium solution; this makes alto- 
gether 100*3 of concentrated ; then 

1*002 : 1*000 : : 100*3 : a? 

a? = 100*0998 

W'e may without scruple put 100*1 for this number. We now know 
that 100*1 c.c. of the concentrated solution of chloride of sodium, 
measured at 10°, exactly precipitates 1 grm. of silver. This relationship 
serves as the foundation of the calculation in actual assaying, and 
must be re-examined whenever there is reason to imagdne that the 
strength of the chloride of sodium solution may have altered. 

The actual assay of the Silver-Alloy. 

Weigh off so much as contains about 1 grm. of silver, or better, 
a few mgrm. more;* dissolve m a test-bottle in 5 to ? c.c. nitric acid, 
and proceed in all resjiects exactly as in a. 

Suppose we had taken 1*110 grm. of the alloy, and in addition to 
the 100 c.c. of concentrated chloride of sodium solution, had used 5 c c. 
of the dilute ( = '5 concentrated), how much silver would the alloy 
contain ? 

Presuming that we use the same chloride of sodium solution which 
served as our example in a, 100*1 c.c. of which ~ 1 grm. silver, then 

100*1 : 100*5 : : 1*000 : .t 

a? -1*003996 (say 1*004). 

We may also arrive at the same result in the following manner ; — 

NaCl Solution. 

For the precipitation of the silver in the alloy were used 100*5 c.c. 


For 1 grm. silver are necessary 100*1 c.c. 

Difference *4 c.c. 


* In coini containing 9 parts of silver and 1 part of copper, therefore take about 
1*115 or 1*120. In weighing off alloys of silver and copper, which do not correspond 
to the formula A gjCu^ (standard — we muse remember that they are never 
homogeneous in the mass ; thus, for instance, the pieces of metal, from which coins 
are stamped, often show 1*5 to 1*7 in a thousand more silver in the middle than at 
the edges. In assaying alloys, then, portions from various parts of the mass must be 
taken, in order to get a correct result. The inaccuracy, however, proceeding from 
the cause above-mentioned, can only be Cf>mpletely overcome by fusing the alloy and 
taking out a portion from the well-stirred mass for the assay. 
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There are, therefore, 4 mgrin. of silver present more than a grm., on 
the presumption that *1 of the concentrated chloride of sodium solution 
( = 1 c.c. of the decimal solution) corresponds to 1 mg’rm. silver. This 
supposition, although not absolutely correct, may be safely made, for 
the inexactness it involves is too minute, as is evident from the previous 
calculation. 

Before we can execute this process exactly, we must know the 
quantity of silver the alloy contains very approximately. In assaying 
coins of* known value this is the case, but with other silver alloys it is 
usually not so. Under the latter circumstances an approximate esti- 
mation must precede the regular assay. This is performed by weigh- 
ing off J grm. (or in the case of alloys that are poor in silver, 1 grm.), 
dissolving in 8 to G c.c. nitric acid, and adding from the burette chloride 
of sodium solution, — first in larger, then in smaller quantities — till the 
last drops produce no further turbidity. The last drojis are not reckoned 
with the rest. The operation is conducted, as regards shaking, (fee., as 
previously given. Supjiose we had weighed off *5 grm. of the alloy, 
and employed 25 c.c. of the chloride of sodium solution — taking the 
above supposed value of the latter — 

We have 100*1 : 25 : : 1*000 : x 

^•-•2497 

that is, the silver in *5 grm. of the alloy ; and as to the quantity of alloy 
we have to weigh off for the assay proper. 

We have* *2497 : 1*003 : : *5 : a; 

x = 2*008. 

Tliis quantity will, of course, require more nitric acid for solution 
than was previously used (use 10 c.c.). In cases where the highest 
degree of accuracy is not required, the results afforded by this rough 
preliminary estimation will be accurate enough, if the experiment is 
carefully conducted, since they give the quantity of silver present to 
within or 

With alloys which contain sulphur, and with such as consist of gold 
and silver, and contain a little tin, JjEVul* employs concentrated sul- 
phuric acid (about 25 grin.) as solvent. The jiortion of the alloy is 
boiled with it till dissolved ; after cooling, the fluid is treated in the 
usual manner. As, however, concentrated sulphuric acid fails to dis- 
solve all the silver Avhen there is much copper present, MAscAZZiNif 
digests the weighed portion of alloy (which may contain small quan- 
tities of lead, tin, and antimony, besides gold) first with the least 
possible amount of nitric acid, as long as red vaj)ors are formed ; he 
then adds concentrated sulphuric acid, boils till the gold has settled 
well together, adds water after cooling, and then titrates. In the 
j)resence of mercury, the chloride of that metal is carried down with 
the silver, rendering the method inaccurate. If the quantity of mercury 
is but small, you may get over the difficulty by adding 25 c.c. 
ammonia and 20 c.c. acetic acid (Levol). The acetate of ammonia 
acts by decomposing the chloride of mercury, and thus preventing its 
precipitation (DebuayI). If the quantity of mercury is large the 
addition of an alkaline acetate is not effective, and De bray recommends 

• Annal. de Ghim. et de Pbya. (8) 44, 847. 
t Chem. Ceotralbl. 1857, 800. X Conipt. rend. 70, 849. 



240 


DETERMINATION. 


[§ 316. 

to drive off the mercury by igniting for four hours in a small crucible 
of gas carbon in a mufte. The presence of other volatile metals, such 
as zinc, does not interfere with ttiis operation. 

II. PisANi’s Method.* 

This process depends on the fellow ing reaction : a solution of iodido 
of starch added to a very dilute neutral solution of nitrate of silver, 
forms iodide of silver and lj 3 "poiodite of silver. The blue color con- 
sequently vanishes, and on continiied addition of the iodide of starch, 
the fluid does not become permanently' blue till all the nitrate of silver 
present is decomposed in the above manner. The iodide of starch 
solution used is therefore proportional to the quantity of nitrate of 
silver. Hence, if the value of the iodide of starch solution be de- 
termined, by allowing it to act on a certain amount of silver solution of 
’known strength, we shall be able to estimate unknown quantities of 
silver with the greatest ease, ]>rovided that the silver solution is free 
from all other substances which exert a decomposing action on the 
iodide of starch. Besides the ordinary reducing agents, the following 
salts must be especially mentioned as possessing this power : the salts 
of suboxide and protoxide of mercury^ of protoxide of tin, of teroxide 
of antimony, of arsenious acid, of protoxide of iron and of protoxide of 
manganese, also chloride of gold ; salts of lead and of coj)per, on the 
other hand, do not affect iodide of starch. 

The iodide of starch is prejmred as follows : make an intimate 
mixture in a mortar of 2 grm. iodine and 15 grm. starch with the 
addition of 6 to 8 dro]»s of water, and heat the slightly-moist mixture 
in a closed flask in a water-bath, till the ori^iiidl violet- blue color has 
passed into dark gravish-blue — it takes about an hour. I’lie iodide of 
starch thus prepared is then digested with water ; it dissolves com- 
pletely to a deep bluish-black fluid. 

The value of this fluid is determined b\^ allowing it to act on 10 c.c. 
of a neutral solution of nitrate of silver, contaifting 1 grm. of pure 
silver in 1 litre, — the silver solution is mixed with a little pure pre- 
cipitated carbonate of lime before adding the* iodide of starcli. The 
strength of this latter is right, if 50 to 00 c.c. are used in tins experi- 
ment. On ailding it, at first the blue color disapyjears ra])idly, and the 
fluid becomes yellowish from the iodide of silver. The end of the 
operation is attained as soon as the fluid is bluish-green. The point is 
pretty easy to hit, and an error of *5 c.c. is of no iiiij)ortance, as it only 
corresponds to about *0001 grm. silver. The carbonate of lime, besides 
neutralizing the free acid, has the effect of rendering the final change 
of tlie color more distinctly observable. To analyse an alloy of silver 
and copper, dissolve about *5 grm. in nitric acid, dilute to lOO c.c. to 
lower the color of the cojiper, saturate 5 c.c. with carbonate of lime, 
and add iodide of starch till the coloration appears. Or, you may de- 
termine very approximately the amount of silver in 2 c.c. of the solu- 
tion, then precipitate the greater part (about DO})) of the silver from 50 
c.c. of the solution with standard solution of iodide of potassium and 
without filtering estimate the remainder of the silver by means of 
iodide of starch. If the amount of silver to he determined is more 
than *020 grm., it is always better to employ the latter method. In 


* Aunal. d. Min. 10, 83. 
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the case of a nitric acid solution containing* silver with lend, the latter 
metal is first precipitated with sulphuric acid and filtered off, carbonate 
of lime is added to the filtrate till all free acid is neutralized, the fluid 
is filtered again (if necessary), and lastly, more carbonate of lime is 
added, and then the iodide of starch. Very dilute solutions must be 
concentrated, so that one may have no more than from 50 to 100 c.c. 
to deal with. The method is worthy of notice and specially suited for 
the estimation of small quantities of silver. With such it has afforded 
me perfectly satisfactory results. Instead of the standard iodide of 
starch, a dilute standard solution of iodine in iodide of potassium may 
he equally well employed, — with addition of starch solution (Field*). 
If this is used you must hear in mind that any substance which 
decomposes iodide of potassium with separation of iodine will in- 
terfere. 

The above method has been modified by H. VoGELf mainly with 
the view of adapting it to the use of photographers. To the silver 
solution, which may contain free acid, nitric acid containing nitrous 
acid is added ,* the latter being prejiared by mixing 1000 grm. nitric 
acid of 1*2 sp. gr. with 1 grm. sulphate of iron. Starch solution is 
also added, and then standard solution of iodide of potassium till a 
permanent blue color is }»roduced. This of course does not occur till 
the whole of the silver is precipitated, ])artiy as iodide, partly as iodate. 
The decomposition is as follows : RI 4- AgO,JN 05 ~ K( ),TsO^ Agl and 1^ 
4- 6 Ag 0 ,^i 05 - Ag0,10j+ 5AgI. In both cases 1 eq. iodine precipitates 
1 eq. silver. The standard solution is pro})ared by dissolving 10 grm. 
pure dry iodide of potassium to 102^1*4 c.c. ; 1 c.c. indicates *01 grm. 
silver. From my own exjieriments it appears that the method is ex- 
peditious but not accurate. The same (quantities of silver will require 
distinctly varying cjuaiitities of iodide of jiotassium when the conditions 
are altered, especially the concentration and the amount of free nitric 
acid } this is evidently connected with the formation of iodate of silver 
which is not quite insoluble in the acid fluid. 

III. Method depending on the action of nitrate of 

SILVER ON CHLORIDE OF SODIUM IN THE PRESENCE OF CHROMATE 
OF POTASSIUM. 

This is the reverse of the metliod for the estimation of chlorine 
§ 141, b, a, and will be described in that place. 

§ IIG. 

2. Oxide of Lead. 

a. Solution, 

Few of the salts of lead are soluble in water. Metallic lead, oxide 
of lead, and most of the salts of lead that are insoluble in water dissolve 
in dilute nitric acid. Concentrated nitric acid eflects neither complete 
decomposition nor complete solution, since, owing to the insolubility 
of nitrate of lead in concentrated nitric acid, the first portions of nitrate 
formed protect the yet undecoraposed parts of the salt from the action 
of the acid. For thp solubility of chloride and sulphate of lead, see 
§ 83. As we shall see below, the analysis of these compounds 

* Cheni. News, 2, 17. 

+ Po(;g. Aun. 124, 347 ; Zeitschr. f. aaal. Chem. 5, 227. 

QUANT. VOL. 1. R 
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may be effected without dissolving them. Iodide of lead dissolves 
readily in moderately dilute nitric acid upon application of heat, with 
8e])Hrfttion of iodine. Solution of potassa is the only menstruum in 
which chromate of lead dissolves without decomposition ; for the 
purpose of analysis, the chromate is best converted into the chloride 
(see below). 

Dctemiinafion, 

Lead may be determined as ocride, sulphate, chromate, sstlphide, 
chloride y as oxide of lead -i- lead, or as lead ; also by volumetric analysis. 

We may convert into 

1. Oxide of lead : 

a. By Precipitation. All salts of lead soluble in water, and those of 
its salts which, insoluble in that menstruum, dissolve in nitric acid, 
• with separation of their acid. 

h. By Tynitinn. 

a. Salts of lead with readily volatile or decomposable inorganic 
acids. 

/3. Salts of lead with organic acids. 

2. Sulphide of lead : All salts of lead in solution. 

3. Sulphate of lead : 

a. By Precipitation. The salts that are insoluble in water, but 
soluble in nitric acid, whose acid cannot be separated from the solution. 

h. By Eraporaiion. 

a. All the oxides of lead, and also the salts of lead with volatile 
acids. 

Man}' of the organic compounds of lend. 

4. Chromate of lead: The compounds of lead soluble in water 
or nitric acid. 

b. Chloride of lead: Chromate of lead. 

6. Oxide of lead + lead : Many of the organic compounds of 
lead. 

7. Lead : 'JTie oxides and most of the salts of lead including the 
chloride, bromide and iodide. 

The volumetric methods are rarely available. 

The apjdication of these several methods must not be understood to 
be ri'iorously confined to the compounds specially enumerated under 
their res])ective heads ; thus, for instance, all the compounds enume- 
rated under 1, may likewise be determined as sulphate of lead ; and, as 
above mentioned, all soluble compounds of lead may be converted into 
sulphide of lead. Chloride, bromide, and iodide of lead may be decom- 
posed by boiling with solution of carbonate of soda; bypassing carbonic 
acid through the solution after cooling, the small cpiantity of lead re- 
tained will be precipitated. The higher oxides of lead are reduced by 
ignition to the state of simple oxide, and may thus be readily analysed 
and dissolved. Should the operator wish to avoid having recourse to 
ignition, the most simple mode of dissolving the higher oxides of lead 
is to act upon them with dilute nitric acid, with the addition of alcohol. 
For the methods of analysing sulphate and chromate of lead, I refer to 
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the paragraphs treating of the corresponding acids, in the second part 
of this Section. 


1. Determination as Oxide, 

a. By Precipitation, 

Mix the moderately dilute solution with carbonate of ammonia 
slightly in excess, add some caustic ammonia, apply a gentle heat, 
allow to cool and filter through a small thin filter. Wash with pure 
water, dry, and transfer the precipitate to a watch-glass, removing it 
as completely as possible from the filter ; burn the latter in a weighed 
porcelain crucible. After the crucible is cold, moisten the ash with 
nitric acid, allow it to evaporate, ignite gently, allow to cool, add the 
jjrecipitate and ignite gently till all the carbonic acid is driven off. For 
the properti(‘s of the prcciy)itate and residue, see § 88. The results are 
very satisfactory, although generally a trifle too low, owing to carbo- * 
nate of lead not being absolutely insoluble, particularly in fluids rich 
in ammoniacal salts (Expt. No. 42, h), 

h. By Ignition, 

(Compounds like carbonate or nitrate of lead are cautiously ignited in 
a porcelain crucible, until the weight remains constant. Nitrate of lead 
must be very completely dried, before being ignit(*d, or loss may occur 
from decre]»itation. For the manner of converting salts of lead with 
organic acids into oxide, see 6. 


2. Determination as Sulphide, 

Lead may l)e completelv ])rccipitated from acid, neutral and alkaline 
solutions by sult)hur(*tted tiydrogen, and also from neutral and alkaline 
solutions by sulphide of ammonium. Precipitation fi*om acid solution 
IS usually employed, esyiecially in separations. A large excess of acid 
and also warming should both be avoided. The former is yircjudicial to 
comjilete preeijiitation (§ 83, y), the latter may readily occasion the re- 
solution of the sulphide that has alread}" been precij>itatcd. In order 
to guard against incomplete precipitation, before filtering, test a portion 
of the supernatant fluid by mixing with a relatively large quantity of 
strong sulphuretted hydrogen water. 

If the fluid contained no hydrochloric acid or metallic chloride, the 
sulphide of lead is pure. After it has been filtered off, washed with 
cold water and dried, it is transferred, together with the filter-ash, to a 


porcelain crucible, a little sulphur added, and ignited in hydroj^en at 
gentle redness till its weight is constant. It should always be allowed 
to cool in a current of the gas, before being weighed. As reg*ards the 
ajiparatus, see § 108, 2, fig. 70. For the properties of the residue, see 
§ 83, y*. The results are satisfactory (H. KtiSE). The heat of the igni- 
tion must not be too low, or the residue will contain too much sulphur, 
nor too high, or the sulphide of lead will begin to volatilize, and disul- 
phide of lead will also be formed with loss of sulphuretted hydrogen. 
Drying the precipitate at 100° cannot be recommended (§ 83,/). If 
the fluid, on the contrary, contained hydrochloric acid or a metallic 
chloride, the sulphide of lead contains chloride which cannot be re- 
moved even by boiling the precipitate with sulphide of ammonium. If 
the precipitate were treated as above, we should obtain a tolerably pure 


sulpliide, but not without loss from volatilization of chloride. A preci- 
pitate of this kind must therefore be decomposed with strong^ hydro- 
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chloric acid, the solution evaporated to dryness, the residue dissolved by 
heating* with a concentrated solution of acetate of soda, and this solu- 
tion diluted and poured with stirring* into excess of strong sulphuretted 
hydrogen water. Or the chloride of lead obtained may be evaporated, 
heated to 200°, and weighed as such (Finkener*). 

3. Determination as Sulphate, 

a. By Precipitation, 

a. Mix the solution (which should not be over dilute) with mode- 
rately dilute pure sulphuric acid slightly in excess, and add to the mix- 
ture double its volume of spirit of wine ; wait a few hours, to allow the 
precipitate to subside ; filter, wash the precipitate with spirit of wine, 
dry, and ignite after the method described in § i)S, Though a careful 
operator may use a platinum crucible, still a thin porcelain crucible is 
preferable. See also the remarks, 1, a. 

In cases where the addition of spirit of wine is inadmissible, a 
greater excess of suljdiuric acid must be used, and the jirecijiitate, which 
is allow’ed some time to subside, filtered, and washed first with water 
acidulated with a few dro])s of sul])huric acid, then re})eatedly with 
spirit of wine. The remainder of the jirocess is conducted as in a. 

If the fluid contained nitric acid, whether spirit of wine is used or 
not, it is advisa])le to evaporate on the water-bath after the addition of 
the sulphuric acid, till the nitric acid has esea])ed, otherwise the preci- 
pitation will not be comjiletc. If the fluid contained hydrochloric acid 
or a metallic chloride, chloride of lead is thrown down with the sul- 
pliate. In this case you must either evaporate the fluid with excess 
of sulphuric acid and heat the residue till sulphuric acid fumes escape 
to drive off the hydrochloric acid, or you must treat the precijiitate and 
filter-ash in the crucible with concentrated sul])liuric acid, evaporate 
and ignite to convert it into pure sulphate of h'ad (FinkenerI). 

For the pioj)erti<‘s of the precipitatf*, see § 88. The method a gives 
accurate results; those obtained by ^ arc le^s exact (a little too low), 
but still however satisfactory, if the directions given are adhered to. 
If, on the contrary, a jirojier excess of suljihiiric acid is not added, in 
the })resen(;e, for instance, of ammoniucal salts, the lead is not com- 
pletely j)recij)itated, and if pure water is used for washing, decided 
traces of the ])recipitate are dissolved. 

b. By Evaporation. 

a. Put the substance into a weighed dish, dissolve in dilute nitric 
acid, add moderately dilute pure sulphuric acid slightly in excess, and 
evaporate at a g*entle heat ; at la.st high over the lamp, until the excess 
of sulphuric acid is completely expelled. In the absence of organic 
substances, the evaporation may be effected without fear in a platinum 
dish ; but if organic substances are present, a light j)orcelain dish is 
preferable. With due care in the process of evaporation, the results are 
perfectly accurate. 

/3. Organic compounds of lead are converted into the sulphate by 
treating them in a porcelain crucible, with pure concentrated suljihuric 
fleid in excess, evaporating cautiously in the well-covered crucible, 
until the excess of sulphuric acid is completely expelled, and igniting 

* Handb. der anal. Chem, von H. Rose, 6 Aiifl. von Fineeneb, 932. 
t Ib. 933, 



OXIDE OF LEAD'. 


245 


§ ii«.} 

the residue. Sliould the latter not look perfectly white, it must he 
moistened once more with sulphuric acid, and the operation repeated. 
The method gives, when conducted with great care, accurate results ; 
a trifling loss is, however, usually incurred, the escaping sulphurous 
acid and carbonic acid gases being liable to carry away traces of the salt. 

4. Determination as Chromate of Lead. 

If the solution is not already distinctly acid render it so with acetic 
acid, then add bichromate of potassa in excess, and, if free nitric acid is 
present, add acetate of soila in sufficient quantity to replace the free nitric 
acid by free acetic acid ; let the precipitate subside at a gentle heat, and 
collect on a weighed filter dried at 100°, wash with vrater, dry at 100°, and 
weigh. The precijutate may also be ignited according to § 50, but in this 
case care must be taken that hardly any of the salt remains adhering to 
the paper, and that the heat is not too high. For the properties of the • 
precijutate, see § 93, 2 . The results are accurate. (Expt. No. 68.) 

5. Determination as Chloride of Lead. 

Mix the solution with hydrochloric acid in excess, concentrate 
strongly in the water-bath, treat the residue with absolute alcohol 
mixed with a little ether, let the precipitate subside, filter and wash 
with alcohol mixed with ether. The chloride of lead may be either 
dried at 100° (being collected on a weighed filter) or treated according 
to § 53. In the latter case a porcelain crucible is used, and care is 
taken that the least possible amount of the salt remains adhering to 
the filter and that the heat is not raised beyond 200°. This method is 
had recourse to in certain sejiarations. 

6 . Determination as 0.ride of Lend 4 - Lead. 

Heat from one to two grin, of the organic com])ound of lead in a 
small weighed porcelain dish very gently, taking care to make the heat 
act first ujion the rim of the dish, so that the ensuing decomposition 
may begin on one side, and jiroceed slowly. When the whole mass is 
perfectly decomposed, increase the heat a little, and continue until no 
more glowing ]>articles are perceptible, and the residue forms a mixture 
of oxide of lead wdth globules of metallic lead, free from carbon. 
Weigh the residue ; then heat it with acetic until the oxide is com- 
plete!}' dissolved, which does not take long ; pour off the solution now 
from the metallic lead, and wash the latter by rej)eated decantation ; 
remove the last traces of water by heat, and weigh the residuary 
metallic lead. By subtracting the weight of the metal from that of the 
original residue, you will find the quantity of oxide of lead which was 
present in that residue ; and by calculating the proj)ortion of metal 
(jontained in the oxide, and adding the resulting number to the weight 
of the metallic lead, you will obtain the total amount of that metal 
originally present in the analysed compound. This method is very 
convenient, and, if properly and carefully executed, gives very accurate 
results. The operator must take care to conduct the decomposition of 
the organic compound very slowly, since the rapid combustion of its 
carbon and hydrogen, at the expense of the oxygen of the oxide of lead, 
would produce so high a temperature as to volatilize a portion of the 
lead in visible fumes. If the residue is not perfectly free from carbon— 
which will always be detected in heating it with acetic acid — this will 
tend to give a higher number. 
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This method was originally introduced by Berzelius. Dulk has 
recommended the following modihcation : — The compound to be 
analysed is gently heated, in a covered porcelain crucible, until the 
organic substance is completely carbonized ; the lid is then removed, 
and the mass stirred with a piece of iron wire. Upon this, the mass 
begins to ignite, and a mixture of oxide of lead with metallic lead 
results, which may still contain unconsumed carbon. A few pieces of 
recently fused nitrate of ammonia are now thrown into the crucible, 
which has previously been removed from the flame, and the lid is a^ain 
put on. Tlie salt fuses, oxidizes the lead, and converts it partly into 
nitrate. The crucible is now exposed to a red heat, until no more 
fumes of h 3 "ponitric acid esca}>e. The residuary oxide is then weighed. 
This method possesses the advantage of insuring the complete com- 
bustion of the whole of the carbon ; it saves also some trouble in 
• weighing and calculating. The results are quite satisfactory". 

7. Determination as Lead, 

a. The following method serves for the analysis of the oxide and 
most compounds of lead, such as the suljdiate and phosj)liate, but not 
the chromate. Sulphide of lead is decomposed with difticulty. Fuse the 
substance with four or flve times its weight of cyanide of ])utassium, pre- 
pared by Lip:Bia's jirocess, in a covered and well glazed porcelain cru- 
cible, After cooling treat wdth w^ater, decant the fluid ra])idly from the 
reduced lead, w'ash with w^ater, then with dilute, and Anally" with strong 
spirit, dry and weigh. Occasionally^ we get a single globule of lead, 
but usually" several small globules, mixed w-ith a* metallic powder. 
After WTigliing dissolve the lead in warm dilute nitric acia. If a 
residue remains (j)ortions of the glaze of the crucible) determine its 
weight and deduct it (II. Kosi:*). 

h. From soluble and in&oluble salts of lead, especially from the 
chloride and sulj)hate, the lead may" be sejiarated by" zinc or cadmium. 
To this end the substance is warmed witli water and some hydrochloric 
acid in a w"ater-bath, and a smooth piece of zinc or cadmium (soluble m 
hydrochloric acid without residue) is jnit into the fluid. The reduction 
commences at once, the lead dejKisited on the zinc is removed from 
time to time with a rod, and more hydrochloric acid is added as neces- 
sary. If the zinc, after having been ficed from lead, remains bright 
for some time, and if a small portion of the solution gives no preci- 
pitate or coloration with &ul])huretted hydrogen, the precipitation is 
complete. Ihe zinc or cadmium is removed, the fluid is jioured ofl^ and 
the spongy lead is w^ashed by decantation rapidly and thoroughly with 
spring water ; distilled water would dissolve traces of lead. To 
prevent the spring w^ater from precipitating the zinc or cadmium add 
to it some tincture of logwood, and then very dilute sulphuric acid, till 
the red color has just turned yellow. The spongy lead cannot be 
dried without the formation of hydrated oxide, hence you may either 
dry at 160® to 200°, weigh the mixture of lead and oxide, determine the 
latter volumetrically according to 8, c, and And the amount of oxygen 
which has to be deducted from the w^eighed mixture ; or you may 
dissolve in nitric acid, and determine the lead as sulphate according to 
^3, b (SxoLBAt). 

* Fogg, Annal. 91, 104. 

f Joum. f. prakt. Chem. 101, 150 ; Zelt»cbr. f. anal. Cbem. 7, 102. 
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8. Determination of Lead by Volumetric Analysis, 

Althoug;li there is no lack of proposed methods for the volumetric 
estimation of lead, we are still without a really g-ood method for prac- 
tical purposes, that is, a method which can be generally employed, and 
which is at the same time simple and exact. For the present, there- 
fore, in almost all cases the gravimetric determination of lead is to be 
preferred to the volumetric. On my own part, at least, I cannot see 
that it is easier or any better, when one has the precipitate washed, to 
subject it to a volumetric process — whereby the accuracy is necessarily 
diminished — instead of igniting it gently and weighing. For this 
reason, the better volumetric methods will be but briefly described, the 
rest being altogether omitted. 

a. The solution of the neutral lead salt must be free from alkaline 
salts, more especially from ammonia salts. It is precipitated with oxalic 
acid (not with oxalate of ammonia), the well- washed precipitate is dis-* 
solved in nitric acid, sulphuric acid added, and the oxalic acid in the 
solution determined by j)ermaiiganate of jmtassa (§ 137) Hempel. 

h, H. Schwarz's method*. To the nitric acid solution add am- 
monia or carbonate of soda, as long as the precipitate redissolves on 
shaking, mix with acetate of soda in not too small quantity, and then 
run in from a burette a solution of bichromate of potash (containing 
14*7(31 grin, in the litre) till the precipitate begins to settle rapidly. 
Now place on a porcelain plate a number of drops of a solution of neutral 
nitrate of silver, and proceed with the addition of the chromate, two or 
three drops at a time, stirring carefully after each addition. When the 
precipitate has settled tolerably clear, which takes only a few seconds, 
remove a drop of the supernatant lu^uid and mix it with one of the 
drops of silver on the plate. A small exctess of chromate gives at once 
a distinct red coloration ; the jirecipitated chromate of lead does not act 
on the silver solution, but remains suspended in the drop. The number 
of c.c. of solution of chromate used (minus *1 which Si’hwarz deducts 
for the excess) multijdied by *0:207 = the quantity of lead. If the fluid 
appear yellow before the reaction with the silver salt occurs, acetate of 
soda is wanting. In such a case first add more acetate of soda, then 
1 c.c. of a solution containing *0207 lead in 1 c.c., complete the process 
in the usual way, and deduct 1 c.c. from the quantity of chromate used 
on account of the extra lead added. Any iron present must be in the 
form of sesquioxide ; metals whose chromates are insoluble, must be 
removed before the method can be employed. 

c. The lead is precipitated according to 1, a, the carbonate, (its 
composition is a matter of indifference in the present case) is washed, 
dissolved in a measured quantity of normal nitric acid (§ 215), and a 
neutral solution of sulphate of soda added, whereby sulphate of lead is 
precipitated and an equivalent quantity of nitrate of soda formed. If 
the nitric acid still free is now determined with normal alkali, we shall 
And the quantity of acid that has been neutralized by means of the 
lead, each 1 c.c. of normal nitric acid that has been so neutralized 
= *1035 lead. You may also determine the free nitric acid by adding- 
normal carbonate of soda (53*04 of the anhydrous salt in 1 litre) till, 
tlie vessel b^ng on a black surface, a permanent turbidity is visible. 
Kesults good (F. MoHRf). 

♦ Dingl. polyt. Joum. 169, 284. 
t His Lehrbuch der Titrirmethode, 3 Aufl. 115. 
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3. Suboxide of Mercury. 

a. Solution, 

Suboxide of mercury and its compounds may generally be dissolved 
by means of dilute nitric acid, but without application of heat if con- 
version of any of the suboxide into oxide is to be avoided. If all that 
is required is to dissolve the mercury, the easiest w^ay is to warm the 
substance for some time with nitric acid, then add hydrochloric acid, 
drop by drop, and continue the application of a moderate heat until a 
perfectly clear solution is produced, which now contains all the mercury 
as oxide and chloride. Heating the solution to boiling, or evaporating, 
must be carefully avoided, as otherwise chloride of mercury may 
, escape with the steam. 

h. Determination, 

If it is impracticable to produce a solution of the suboxide or its 
compounds perfectly free from oxide, and it becomes accordingly neces- 
sary to convert the mercury completely into oxide, the latter is deter- 
mined as directed § 118. But if a solution of suboxide has been 
obtained, quite free from oxide, the determination of the suboxide may 
be based upon the insolubility of subchloride of mercury, and effected 
either gravimetrically or volumetrically. The process of determining 
mercury, described § 118, 1, «, may, of course, be applied equally well 
in the case of compounds of suboxide of mercury. 

1. Determination as SnhMoride of Mercury, 

Mix the cold highly dilute solution with solution of chloride of 
sodium, as long as a precipitate forms ; let the precipitate subside, 
collect on a weighed filter, dry at 100®, and weigh. For the properties 
of the precipitate, see § 84. Results accurate. If the solution of sub- 
oxide of mercury contfiins much free nitric acid, the greater part of 
this should be neutralized with carbonate of soda before adding the 
chloride of sodium. 

2. Volumetric Methods, 

Several methods have been proposed under this head : the following 
are those which are most worthy of recommendation : — 

a. Mix the cold solution with decinormal solution of chloride of 
sodium (§ 141, J, a), until this no longer produces a precipitate, and is 
accordingly present in excess ; filter and wash thoroughly, taking care, 
however, to limit the quantity of water used; add a few drops of 
solution of chromate of po assa, then pure carbonate of soda, sufficient 
to imjiart a light yellow tint to the fluid, and determine by means of 
solution of nitrate of silver (§ 141, h, a) the quantity of chloride of 
sodium in solution, consequently the quantity which has been added in 
excess ; this shows, of course, also the amount of chloride of sodium 
consumed in effecting the precipitation. One equivalent of Hg,0 is 
reckoned for every equivalent of NaCl, consequently for every c.c. of 
the decinormal solution of chloride of sodium, *0208 grm.**of suboxide of 
mercury. As filtering and washing form indispensable parts of the 
process, this method sfibrds no great advantage over the gravimetric ; 
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however, the results are accurate (Fr. Mohr*). The two methods, 

1 and 2, «, may also be advantageously combined. 

h. Precipitate the solution of suboxide of mercury, f according to 1, 
with chloride of sodium in a stoppered bottle, allow to subside, filter, 
wash, push a hole through the bottom of the filter, and rinse the pre- 
cipitate into the bottle, which usually has some of the washed sub- 
chloride adhering to its inside. Add a sufficient quantity of solution of 
iodide of potassium, together with standard iodine solution (to 1 grm. 
HgjjCl about 2*5 grm. KI and 100 c.c, normal iodine solution!), insert 
the stopper, and shake till the precipitate has entirely dissolved 
[HgjCl + 3KI + 1 = 2(HgI,KI) + KCIJ. As iodine is in excess, the 
solution appears brown. If any iodide of mercury separates add 
iodide of potassium to redissolve it. Now add from a burette solution 
of hyposulphite of soda — corresponding to decinormal iodine solution — 
till the fluid is decolorized and appears like water, transfer to a* 
measuring flask, rinse and fill up to the mark, shake, talf:e out an 
aliquot part, add starch paste to it, and determine the excess of 
hyposulphite of soda with iodine solution. After multiplying by 
the proper number, add the c.c. originally employed, subtract the 
c.c. of hyposulphite used, and reckon the quantity of mercury from the 
remainder. 1 eq. iodine = 1 eq. HgjjCl. Results good (Hempel§). 


§ 118. 

4. Oxide of Mercury. 

a. Solution, 

Oxide of mercury, and those of its comjiounds which are insoluble 
in water, are dissolved, according to circumstances, in hydrochloric 
acid or in nitric acid. Sulphide of mercury is heated with hydrochloric 
acid, and nitric acid or chlorate of potassa added until complete solu- 
tion ensues ; or it is suspended in dilute potassa, gently warmed, and 
chlorine gas passed through (H. Rose). When a solution of chloride 
of mercury is evaporated on the water-bath, chloride of mercury 
escapes with the aqueous vapor. This circumstance must not be lost 
sight of in effecting the solution of compounds of mercury. It is from 
this cause that the method proposed by Vohl|| gives quite inaccurate 
results. Fr. MohrIF too and R. Rieth** have not paid enough 
regard to this source of error. 

Determination, 

Mercury may be weighed in the metallic state, or as suhchloride, 
sulphide, or oxide (§ 84) ; in separations it is sometimes determined as 
loss on ignition. It may also be estimated volumetrically. 

The first three methods may be used in almost all cases ; the de- 
termination as oxide, on the contrary, is only possible in compounds of 
the oxide or suboxide with nitric acid. Ime methods by which the 
mercury is determined as subchloride or sulphide are to be preferred 
before those in which it is separated in the metallic form. The 
volumetric methods are only of very limited application. 

* Lehrbuch der Titrirniethode, 8 Aufl. 895. 

+ If oxide of mercury is also present, see § 118, 2. t See § 146, 2, 

§ Annal. d. Chem. u. Pharm. 110, 176. 11 Ib. 94, 220. 

^ His Lehrbuch der Titrirmethode, 8 Aufl. 208. ** His Volumetrie, 226. 
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1. DetcrviinaUon as Metallie Mercury, 
a. In the Di'y Way, 

The process is conducted in the apparatus illustrated by fipf. 84. 
Take a tube 45 cm. long*, and about 12 mm. wide made of difficultly 
fusible fflass, and sealed at one end. First put into the tube a layer 
6 cm. long of a mixture of bicarbonate of soda and powdered chalk, 



Pig. 84. 


then a layer of quick-lime, these two will occupy the space from a to h. 
Then add the intimate mixture of the substance with an excess of 
quick-lime (&-c), then the lime-rinsings of the mortar {c-d), then a 
layer of quick-lime {d-c) and lastly, a loose stopper of asbestus (c-/). 
The anterior end of the tube is then drawn out, and bent at a some- 
what obtuse angle. The manipulations in the processes of mixing* and 
filling being* the same as in organic analysis, they will be found 
described in detail in the chapter on that subject. 

A few gentle taps uj)on the table are sufficient to shake the contents 
of the tube down so as to leave a free passage through the whole 
length of the tube. The tube, so prepared and arranged, is now placed 
in a combustion furnace, the jioint being inserted into a flask contain- 
ing winter, the surface of which it should just touch, so that the opening 
may be just closed. 

The tube is now surrounded with red-hot charcoal, in the same 
way as in organic analysis, jiroceeding slowly from e to a, the last 
traces of mercurial vajior being exjielled by heating the mixture at the 
sealed end of the tube. Whilst the tube still remains in a state of 
intense ignition, the neck is cut off* at f, and carefully and completely 
rinsed into the receiving flask, by means of a washing-bottle. The 
small globules of mercury w hich have distilled over are united into a 
large one, by agitating the flask, nnd, alter the lapse of some time, the 
perfectly clear water is decanted, and the mercury poured into a 
weighed porcelain crucible, where the greater portion of the water still 
adhering to it is removed with blotting-paper. The mercury is then 
finally dried under a bell-jar, over concentrated sulphuric acid, until 
the w^eight remains constant. Heat must not be applied. For the 
properties of the metal, see § 84. In the case of suljihides, in order to 
avoid the presence of vapor of water in the tube which would give rise 
to the formation of sulj)huretted hydrogen, the mixture of bicarbonate 
of soda and chalk is replaced by magnesite. Iodide of mercury cannot 
be completely decomposed by lime. To analyse this in the ary way, 
substitute finely divided metallic copper for the lime (H. Rose*). The 
accuracy of the results is entirely dependent on the care bestowed. 
The most highly accurate results are, how'ever, obtained by the appli- 
cation of the somewhat more complicated modification adopted by 
Erdmann and Marchand for the aetermination of the atomic weight 

* Pogg. Aunal. 110, 546. 
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of mercury and of sulphur. For the details of this modified process, I 
refer to the original essay,* simply remarking here, that the mstillation 
is conducted in a combustion tube in a current of carbonic acid gas, 
and that the distillate is received in a weighed bulb apparatus with the 
outer end filled with gold-leaf, to insure the condensation of every 
trace of mercury vapor. This way of receiving and condensing may be 
employed also in the analysis of amalgams (KoNiaf). 

h. In the Wet Way, 

The precipitating flask must be absolutely clean, and had best be 
purified with hot potash. The solution, free from nitric acid, and 
mixed with hydrochloric acid, is precipitated, with an excess of a fresh 
solution of protochloride of tin, containing hydrochloric acid ; the 
mixture is boiled for a short time, and the flask is loosely closed. 
After cooling and standing for some time, the perfectly clear superna- * 
tant fluid is decanted from the metallic mercury, which, under 
favorable circumstances, will be found united into one globule ; if this 
is the case, the globule of mercury may be washed at once by decanta- 
tion, first with water acidulated with hydrochloric acid, and finally 
with pure water ; it is dried as in a. 

If, on the other hand, the particles of the mercury have not united, 
their union into one globule may as a rule be readily effected by boilin"* 
a short time with some moderately dilute hydrochloric acid mixed with 
a few drops of protochloride of tin (having, of course, previously re- 
moved by decantation the supernatant clear fluid). For the properties 
of metallic mercury, see § 84. 

Instead of j)rotochloride of tin, other reducing agents may be used, 
especially phosphorous acid at a boiling temjierature. This method 
gives accurate results only when conducted with the greatest care. In 
general a little mercury is lost. 

2. DeUrininatmi as SuheMortJe of Mercury. 

a. After II. Rose,]: If nitric acid is present, dilute considerably 
before proceeding. Mix with hydrochloric acid and excess of phos- 
phorous acid (obtained by the deliquescence of phosphorus in moist 
air), allow to stand 12 hours in the cold or at a very gentle heat (at 
all events under 00°), collect the mercury, now completely separated as 
subchloride, on a weighed filter, wash with hot water, dry at 100°, and 
weigh. Results perfectly satisfactory. 

3 . Determination as Sul/Jfide of Mercury, 

The solution is siiiticiently diluted, acidulated with hydrochloric 
acid, and precipitated with clear saturated sulphuretted hydrogen water 
(or in the case of large quantities, by passing the gas) ; — filter after 
allowing the precipitate a short time to aeposit, wash quickly with cold 
water, dry at 100°, and weigh. Results very satisfactory. 

If from any cause {e.y. presence of sesquioxide of iron, free chlorine, 
or the like) the precipitate should contain free sulphur, the filter is 
spread out on a glass plate, the precipitate removed to a porcelain dish 
by the aid of a jet from the wash-bottle, and warmed for some time 
with a moderately strong solution of sulphite of soda. The filter 


* Journ, f. prakt. Ohem. 81, 385 ; also Pharm. Centralhl. 1844, 354. 
t Journ. f. prakt. Chem. 70, 64. t Pogg. Auuai. 110, 529. 
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having been in the meanwhile somewhat dried on the glass plate, is 
replaced in the funnel, the supernatant fluid is poured on to it, the 
treatment with sulphite of soda is repeated, and the precipitate (now 
free from sulphur), is Anally collected on the filter, washed, dried, and 
weighed. Results good (J. Lowe*). 

Should the quantity of sulphur mixed with the precipitate be not 
very large, it may be removed also as follows : the precipitate is first 
washed with water, and fully dried, then washed repeatedly with 
bisulphide of carbon, till a few drops of the washings evaporate on a 
watch-glass without leaving a residue. Test the bisulphide of carbon 
to see if it gives any residue when evaporated. 

Properties of the sulphide of mercury § 84. 

4. Detcrmhmtion as 0.ride, 

In the salts of the oxides of mercury, with nitrogen acids, the 
metal may be very conveniently determined in the form of oxide 
(MARiGNAcf). For this purpose, the salt is heated in a bulb-tube, of 
w'hich the one end, drawn out to a point, dips under water, the other 
end being connected with a gasometer, by means of which dry air is 
transmitted through the tube, as long as the ap])lication of heat is 
continued. In this way com])lete decomposition of the salt is readily 
efiected, without reaching the temperature at which the oxide itself 
would be decomposed. 

5, Volumetric Methods, 

a. The mercury is precipitated as subehloride, according to 2, and 
the washed precipitate treated as in § 117, 2, 1. 

b. After Lieuig.! This method is based upon the circumstance 
that phosphate of soda j)recipitates mercury from solutions of the 
nitrate, but not from solutions of the chloride, in the form of a floccu- 
lent white precipitate of phospbate, which speedily becomes crystalline ; 
and that chloride of sodium, therefore, readily redissolves this preci- 
pitate (as long as it remains amorphous), j)hosphate of soda and 
chloride of mercury being formed. Consequently, if we know tlie 
quantity of chloride of sodium reijuired to redissolve the precipitate, 
we learn from this also the quantity of the mercury ; since every 
equivalent of chloride of sodium di^solves an equivalent of oxide of 
mercury (in the form of phosphate). 

a. Solutiov of Chl(mde of Sodium: The decinormal solution of 
chloride of sodium may be used. Every c.c. of this, containing 
•00685 grm. JXaCl, corresponds accordingly to ’01080 of HgO. 

/3. Preyaration of the Solution of 0:mdc of Mercury : According to 
Liebig, this solution — which must, of course, be perfectly free from 
compounds of chlorine, iodine, and bromine, and in which all the 
mercury must be present in the state of oxide — should contain no 
more than about *2 grm. oxide of mercury in 10 c.c. Accordingly, if 
a preliminary experiment shows it to have a higher degree of concen- 
tration it is diluted to about this strength. The solution must, more- 
over,. contain no foreign metals, nor too much free acid : the addition 
of from 3 ta 4 c.c. of a saturated solution of phosphate of soda to 10 cjc. 

* JourD. £. prakt. Cbexn. 77» 73. 
t Jahresber. von Liebio u. Kopiv, l&4i9, 594. 

4: Annal. d. Chem. u. Fharm. 85, 307. 
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of the solution, must remove all acid reaction. If too much acid is 
present, carbonate of soda must be added until basic salt precipitates, 
which latter is then redissolved by addition of one or two drops of 
nitric acid, 

y. Performance of the Analytical Process: There are two different 
methods recommended, both of which it is best to apply, as the results 
obtained by the former are somewhat too high, those by the latter a 
little too low. The results being combined, the two errors cancel each 
other. 

Method 1. Measure off into a beaker 10 c.c. of the solution of 
mercury, add 3 or 4 c.c. of a saturated solution of phosphate of soda, 
and then immediately, before the precipitate has had time to become 
crystalline, solution of chloride of sodium, until the })recipitate is just 
redissolved; the last portions of the solution of chloride of sodSum 
must be added very cautiously to avoid addition in excess. 

Supposing you have used J20*5 c.c. of solution of chloride of sodium, 
now — 

Method 2, Measure off 20*5 c.c. of the same solution of chloride 
of sodium, add to this 3 or 4 c.c. of solution of phosphate of soda, and 
then solution of oxide of mercury from a burette, until a permanent 
preci})itate just begins to form. Suj)p()sing this has taken 10*25 c.c. of 
solution of mercury, then 20*5 + 20*5 = 41 c.c. of solution of chloride 
of sodium have been consumed to 10 + 10*25 = 20*25 c.c. of solution of 
oxide of mercury ; now 1 c.c. of the solution of chloride of sodium cor- 
responds to *01080 grin, oxide of mercury, therefore 41 c.c. correspond 
to *4428 grm. oxide of mercury, which (piuntity is consequently con- 
tained in 20*25 c.c. of the analysed solution. 

Liebig has proved by numerous e\])eriinents that this course of 
proceeding gives very ncarlj^ accurate results; he obtained, for instance, 
*1878 grm. instead of *1870 grm., *174 grm. instead of *1748 grm., 
*1008 grm. instead of *1004 grm., &c. But the method is suscep- 
tible only of very limited application; for which reason I omit giving 
a description of Fh. Mohh’s modiiication of the process, which consists 
in the substitution of ferricyanide of potassium for phosphate of soda.* 

c. As regards Pehsonne’s method,! which depends on the addition 
of chloride of mercury to standard solution of iodide of potassium, till 
permanent separation of iodide of mercury begins, see my remarks, 
Zeitschr. f. Anal. Chem. 2, 381. 


§ 119. 

5. Oxide of Copper. 

a. Solution, 

Many of the compounds of oxide of cojiper dissolve in water. 
Metallic copper is best dissolved in nitric acid. Oxide of copper, and 
those of its salts which are in.soluble in water, may be dissolved in 
nitric, hydrochloric, or sulphuric acid. Suljihide of copper is treated 
with fuming nitric acid, or it is heated with moderately dilute nitric 
acid, until the separated sulphur exhibits a pure yellow tint ; addition 
of a little hydrochloric acid or chlorate of potassa greatly promotes the 
action of the dilute acid. 

* See bis Lehrbuch der Tiirirniethode, 3 Aufl. 396. 
t Journ. de Pbarm. et de Cbim. 43, 477. 
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h, Beterminatwn, 

Copper may be weighed in the form of oxide^ or in the metallic statCy. 
or as rnhsulphide (§ 86). Into the form of oxide it is converted by pre- 
cipitation, or ignition, sometimes with previous precipitation as sulphide* 
The determination as subsulphide is preceded usually by precipitation 
either as sulphide or as subsulpliocyanide. Copper may be determined 
also bv various volumetric and indirect methods. 

W (0 may convert into 

1. Oxide of copper: 

a. By direct Precipitation as oxide: All salts of oxide of copper 
soluble in water, and also those insoluble salts, the acids of wnich 
may be removed upon solution in nitric acid, provided no non-volatile 
organic substances be present. 

h. By Precipitation^ preceded hy Jynition of the conipmind : Such of the 
salts enumerated under a as contain a non-volatile organic substance, 
thus more particularly salts of co]>per with non-volatile organic acids. 

c. By lynition : Salts of copper with oxygen acids that are readily 
volatile or decomposable at a high temperature (carbonate of copper, 
nitrate of copper). 

2. Metallic copper : Oxide of copper in all solutions free from 
other metals precipitable by zinc or the galvanic current, also the oxides 
of copper. 

3. Subsulphide of copper : Oxide of copjier in all cases in 
w hich no other metals are present that are precij)itable by sulphuretted 
hydrogen, or sulphocyanide of })otassium. 

Of the several methods of effecting the estimation of copj>er. No. 3 
is })articularly to be recommended for use in laboratories ; method 2 
is also very convenient, and well adapted for assaying. Of the volu- 
metric methods, one is suited for technical purjjoses, the other for the 
estimation of small quantities of copper. For technical purjioses there 
are besides, also several colorimetric methods, proposed by Heine, 
VON Hubert, Jacquelain, A. Muller, and others, which are, all 
of them, based upon the comparison of an ammoniacal solution of oxide 
of cop])Pr, of unknown strength, w^ith others of known strength.* 

LEVf»L’s indirect method of estimating copjier, which is based upon 
the diminution of weight suffered by a strip of copjier when digestea in 
a close sLojipered flask with ammoniacal solution of cojipcr till decolo- 
rization is effected, takes too much time, and is apt to give false results 
(Phillips,! Erdmann^). The latter remark applies also to the in- 
direct method proposed by Runoe, which consists in boiling the solu- 
tion of copper, free from nitric acid and sesquioxide of iron, in presence 
of some n-ee hydrochloric acid, in a flask, with a weighed strij) of 
cojiper, and, after decolorization of the fluid, determining the loss of 
weight suffered by the copper. 


* This subject hardly coTues within the scope of the present work. I therefore 
refer to Al. Mtu-RR, das Complementarcoloriineter, Chemnitz, 1864; Bodemann’s 
Probirkunst von Kekl, 222 ; also to Deums, Zeitschr. f. anaL Obem. 3, 218, and 
Gustav Bischof, jun. Ib. 6, 459. 

f Annal. d. Chem. u. Phariii. 81, 208. J Journ. f. prakt. Chem. 75, 211. 
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1. Dctcrminatim as Oxide of Copper, 

a. By direct Precipitation €LS Oxids. 

Heat the rather dilute neutral or acid solution in a platinum or 
porcelain dish, to incipient ebullition, add a somewhat dilute solution 
of pure soda or potassa until the formation of a precipitate ceases, and 
keep the mixture a few minutes long*er at a temperature near boiling-. 
Allow to subside, filter, wash by decantation twice or thrice, boiling up 
each time, then collect it on the filter, wash thoroughly with hot 
water, dry, and ignite in a porcelain or platinum crucible, as directed 
§ 53. Do not use the blowpipe. After ignition, and having added the 
ash of the filter, let the crucible cool in the desiccator, and weigh. 
The action of reducing gases must be carefully guarded against in the 
process of ignition. 

It will sometimes happen, though mostly from want of proper atten- 
tion to the directions here given, that particles of the oxide of copper 
adhere so tenaciously to the dish as to be mechanically irremovable. 
In a case of this kind, after washing the dish thoroughly, dissolve the 
adhering particles with a few drops of nitric acid, and evaporate the 
solution over the principal mass of the precipitated oxide, oefore you 
proceed to ignite the latter. Should the solution be rather copious, it 
must first be concentrated by evaporation, until only very little of it is 
left. For the properties of the precipitate, see § 85. 

With proper attention to the directions here given, the results ob- 
tained by this method are quite accurate, otherwise they may be either 
t/oo high or too low. Thus, if the solution be not sufficiently dilute, 
the preci])itant will fail to throw down the whole of the oxide of 
copjier ; or, if the precipitate be not thoroughly washed with hot water, 
it will retain a portion of the alkali ; or, if the ignited precipitate be 
allowed to stand exposed to the air, before it is weighea, an increase 
of weig*ht will be the result; and so, on the other hand, a diminution 
of weight, if the oxide be ignited with the filter or under the influence 
of reducing gases, as thereby suboxide would be formed. Should a 
portion of the oxide have suffered reduction, it must be reoxidized by 
moistening with nitric acid, evaporating cautiously to dryness, and 
exposing the residue to a gentle heat, increasing this gradually to a 
high degree of intensit}". 

Let it be an invariable rule to test the filtrate for copper with sul- 
phuretted hydrogen water. If, notwithstanding the strictest compli- 
ance with the directions here given, the addition of this reagent 
produces a precipitate, or imparts a brown tint to the fiuid, this is to 
be attrihut('d to the presence of organic matter ; in that case, concen- 
trate the filtrate and wash- water by evaporation, acidify, precipitate with 
sulphuretted hydrogen water, filter, incinerate the filter, heat with 
nitric acid, dilute, filter, concentrate, precipitate with soda, and filter 
the oxide obtained to the mam quantity. 

Never neglect to test the oxide of copper after weighing for alkali 
or alkaline salt by boiling it with water. If either is present, the oxide 
must be exhausted with hot water, and then reignited and reweighed. 
Finally, dissolve the oxide in hydrochloric acid to detect and if neces- 
sary estimate any silicic acid it may contain. 

In default of sufficiently pure potash or soda, the carbonate may be 
used, but the solution must not contain more than I grm. copper in 
the litre ; the alkaline carbonate must only be added slightly in excess, 
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and the mixture must be boiled for half an hour. The bluish-green 
precipitate will then turn dark brown and granular, and may be easily 
washed (Gibbs*). 

From ammmiacal solutions also, oxide of copper may be precipitated 
by soda or potassa. In the main, the process is conducted as above. 
After precipitation the mixture is heated, until the supernatant fluid 
has become perfectly colorless ; the fluid is then filtered off with the 
greatest possible expedition. If allowed to cool with the precipitate in 
it a small portion of the latter would redissolve. 

b, Bi/ Precipitation as Oxide ^ preceded by Ignition of the Substance, 

Heat the substance in a porcelain crucible, until the organic matter 

present is totally destroyed ; dissolve the residue in dilute nitric acid, 
filter if necessary, and treat the clear solution as directed in a, 

c. By Ignition, 

The salt is put into a platinum or porcelain crucible, and exposed to 
a very gentle heat, which is gradually increased to intense redness ; the 
residue is then weighed. As nitrate of copper spirts strongly when 
ignited, it is always advisable to put it into a small covered platinum 
crucible, and to place the latter in a large one, also covered. With 
proper care, the results are accurate. Copper salts with organic acids 
may also be converted into oxide by simple ignition. To this end, the 
residue first obtained, which contains suboxide, is completely oxidized 
by ignition with oxide of mercury (which leaves no residue on ignition), 
or with less advantage, by repeated moistening with nitric acid, and 
ignition. A loss of substance is generally incurred by the use of nitric 
acid from the difficulty of avoiding spirting. 

2 , Betenninatum eus Metallic Copper, 

a. By Precipitation with zhw or cadmium}. 

Introduce the solution of copper, after having, if required, first freed 
it from nitric acid, by evaporation with hydrochloric acid or sulphuric 
acid, into a weighed platinum dish ; dilute, if necessary with some 
water, throw in a piece of zinc (soluble in hydrochloric acid without 
residue) and add, if necessary, hydrochloric acid in sufficient quantity to 
produce a moderate evolution of hydrogen. If, on the other hand, this 
evolution should be too brisk, owing to too large excess of acid, add a 
little water. Cover the dish with a watch-glass, which is afterwards 
rinsed into the dish with the aid of a washing-bottle. The separation 
of the coj»per begins immediately ; a large proportion of it is deposited 
on the platinum in form of a solid coating ; another portion separates, 
more particularly from concentrated solutions, in the form of rea 
spongy masses. Application of heat, though it promotes the reaction, 
is not absolutely necessary ; but there must always be sufficient free 
acid present to keep up the evolution of hydrogen. After the lapse of 
about an hour or two, the whole of the cojiper has separated. To make 

* Zeitschr. f. anal. Chein. 7, 258. 

+ The method of precipitating copper by iron or zinc, and weighing it in the 
metallic form, was proposed long ago; see Pfafp’s Handbuch der analytischen 
Chemie, Altona, 1822, 2, 269, where the reasons are given for preferring zinc as a 
precipitant, and sulphuretted hydrogen is recommended as a test for ascertaining 
whether the precipitation is complete. 1 mention this with reference to F. Moub's 
paper in the Anual. d. Chem. u. Pharm. 96, 215, and Bodemann’s Probirkunst vou 
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sure of this, test a small portion of the supernatant fluid with sulphuretted 
hydrogen water ; if this fails to impart a brown tint to it, you may 
safely assume that the precipitation of the copper is complete. Ascertain 
now, also, whether the zinc is entirely dissolved, by feeling about for 
any hard lumps with a glass rod, and observing whether renewed 
evolution of hydrogen will take place upon addition of some hydrochloric 
acid. If the results are satisfactory in this respect also, press the 
copper together with the glass rod, decant the clear fluid, which is an 
easy operation, pour, without loss of time, boiling water into the dish, 
decant again, and repeat this operation until the washings are quite 
free from hydrochloric acid. Decant the water now as far as practicable, 
rinse the dish with strong alcohol, dry at 100°, let it cool, and weigh. 
If you have no platinum dish, the precipitation may be effected also in 
a porcelain crucible or glass dish ; but it will, in that case, take a ^ 
longer time ; and the whole of the copper will be obtained in loose 
masses, and not firmly adhering to the sides of the crucible or dish, as 
in the case of precipitation in jilatinuin vessels. 

The results are very accurate. The direct experiment. No. 09, gave 
100*0 and 100*00, instead of 100. Fr. Mohr (loc. cit.) obtained equally 
satisfa(;tory results by preeijutating in a porcelain crucible.* 

Zinc being sometimes difficult to obtain of sufficient purity, cadmium 
may be used instead; it dissolves with less violence in strongly acid 
coj)j)er solutions. It may be used in the form of rod, in which it 
usually occurs in commerce (CLASSENf). 

b. By Precipitation with the yahmnw c^irrent. 

This method makes us independent of pure zinc or cadmium, and 
^fields the copper in a compact form, readily washed and determined. 
It is now largely used in copper works, constant batteries have been 
employed for it, and the whole j)rocess has been organized for use 
on a large scale by Luckow, and adopted by the Mansfeld Ober-Berg- 
iind Hiitten-Direction in Eislebenl. A small electrolytic apparatus 
without separate battery, for single precipitations, has been described 
by Ullghen.§ 

e. By If/nitim in Hydroyen, 

The oxides of copper when ignited in a current of pure hydrogen are 
converted into metallic copper, and may thus be conveniently analysed. 
Occasionally the oxide obtained by 1, a or h is reduced either at once, 
or after weighing ; in the latter case the reduction serves as a control. 

d. DetfTmioation as Subsulphide of Copper, 

a. By PrecepitaUon as Sulphide, — JPrecipitate the solution — which is 
best moderately acid, but should not contain a great excess of nitric 
acid — according to the quantity of copper present, either by the addition 
of strong sulphuretted hydrogen water, or by passing the gas. In the 
absence of nitric acid it is well to heat nearly to boiling while the gas 
is passing, as this makes the precipitate denser, and it is more easily 
washed. When the precipitate has fully subsided, and you have made 

* Stoker (On the alloys of copper and zinc, Cambridge, 1860, p. 47) says that 
the prec ipitated copper retains water, but I have not found this to be the case (See 
Expt. No. 70). 

t Journ. f prakt. Cheni. 96, 259. 

Zeitschr. f. anal. Chem 8, 23 and 11, 1. Compare also Gibbs, lb. 3, 334, and 
Lecoq db Boisbaudan, Ib. 7, 258. 

§ Ih. 7, 442. 
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sure that the supernatant fluid is no long*er colored or precipitated by 
strong* sulphuretted hydrogen watery filter quickly, wash the precipitate 
without intermission with water containing sulphuretted hydrogen, and 
dry on the filter with some expedition. Transfer to a weighed porcelain 
crucible, add the filter-ash and some pure powdered sulpWr and ignite 
strongly in a stream of hj^drogen (§108, fig. 79). It is advisable to use 
a gas-blowpipe. The results are very accurate (H. Eose’*). 

This method, which was recommended by Berzelius, and after- 
wards by Brunner, has only lately received a very practical form, 
from the apparatus introduced by A. Rose. I feel great pleasure in 
recommending it. In my own laboratory it is in frequent use. 

If the sulphide of copper is ignited in a covered crucible, from which 
the lamp and the cover are occasionally removed for a few seconds, it 
will be converted into a variable mixture of Cu^^S and CuO, in which, how- 
ever, the percentage of copper is constant (ULRicif). When the 
copper is weighed in this form the results are not quite so accurate as 
when it is weighed as subsulphide. 

h. By Precipitatlo/i as Subsulphocy ankle y after Rivot.J — The solution 
should be as free as possible from nitric acid and free chlorine, and 
should contain little or no free acid. Add sul]>hurous or hypophosphorous 
acid in sufficient quantity, and then solution of sulphocyanide of 
potassium in the least possible excess. The copper precipitates as 
white subsulphocyanide. It is filtered after standing some time, 
washed and dried, mixed with sulphur, ignited in hydrogen in the 
apparatus mentioned in and this ignition with sulphur is repeated 
till the weight is constant. The precipitate may also be collected on 
a weighed filter, dried at 100"*, and then weighed. The experiment, 
IV 0 . 71, conducted in the latter way, gave 99*00 instead of 100, The 
jirocess yields satisfactory results, but they are always inclined to be 
a little too low, as the subsulphocyanide is not absolutely insoluble. 
The loss is larger in the presence of much free acid. 

c. Oxide and suboxide of copper, sulphate, and many other salts of 
copper (but not chloride, bromide, or iodide) may be directly converted 
into subsulphide, by mixing with sulphur and igniting in hydrogen as 
in a (H. Rose, htc, cit.). The results are thoroughly satisfactory. 

4. Volvnwtric Methods, 
a , Dk IIaen’s Method.§ 

I recommend this method, which was devised in my own labora- 
tory,|j as more especially applicable in cases where small quantities of 
copper are to be estimated in an expeditious way. The method is 
based upon the fact that, when a salt of oxide of copper in solution is 
mixed with iodide of potassium in excess, subiodide oi copper and free 
iodine are formed, the latter remaining dissolved in the solution of 

* Bogg. Annal. 110, 138. -t Journ. f. prakt. Cbeni. 107, 110, 

it Compt. Kerid. 38, 808 ; Journ. f. prakt. Chem. 62, 252. 

§ Annal. d. Cbeni. u. Fbarm. 91, 237. 

II Brown (Quart. Journ. of tbe Chem. Soc. 10, 65), who published this as a new 
method in 1857, must have been ignorant of its previous publication in 1854. The 
little variation, too, of determining the iodine with hyposulphite of soda (according to 
SOHWABZ) instead of with sulphurous acid (according to Buksen), may be found in 
Mohb'b Lehrhuch der Titrirmethode, 1, 387 (1855). A similar remark applies to 
BtHPLEU, who described the method, with slight moditicatiou, as a new one, in 1868 
{Jjourn. f. prakt. Chem. 105, 193), 
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iodide of potassium : ^(CuOjSOg) + 2KT = Cu J + 2(KO,SOj,) + I. Now, 
by estimating: the iodine by Bunsen’s method, or with hyposulphite 
of soda (§ 146), we learn the quantity of copper, as 1 eq. iodine 
(126*85) corresponds to 2 eq. copper (63*4). The following is the 
most convenient way of proceeding. Dissolve the compound of copper 
in sulphuric acid, best to a neutral solution ; a moderate excess of free 
sulphuric acid, however, does not injuriously affect the process. Dilute 
the solution, in a measuring flash, to a definite volume ; 100 c.c. 
sliould contain from 1 to 2 grm. oxide of copper. Introduce now about 
10 c.c. of iodide of potassium solution (1 in 10) into a stoppered bottle, 
add 10 c.c. of the copper solution, mix, allow to stand 10 minutes, and 
then determine the separated iodine, either with sulj)hurous acid and 
iodine (§ 140, 1), or with hyposulphite of soda (§ 140, 2). The copper 
solution must be free from sesquioxide of iron and other bodies which ^ 
decompose iodide of potassium, also free nitric acid, and free hydro- 
chloric acid ; and the solution must not be allowed to stand too long 
before titration. With strict attention to these rules, the results are 
accurate. De Haen obtained, for instance, '3567 instead of *3566 of 
sulphate of copper, 99*89 and 100*1 instead of 100 of metallic copper. 
Further experiments (No. 72) have convinced me, however, that, 
though the results attainable by this method are satisfactory, they are 
not always quite so accurate as would be supposed from the above 
figures given by Dr Haen. Acting upon Fh. Mohr’s suggestion, I 
tried to counteract the injurious influence of the presence of nitric acid, 
by adding to the solution containing nitric acid first ammonia in excess, 
then hydrochloric acid to slight excess ; the result was by no means 
satisfactory. The reason of this is that a solution of nitrate of am- 
monia, mixed with some hydrochloric acui, will, even after a short 
time, begin to liberate iodine from solution of iodide of potassium. 

Method of Parkes j* H. Fleck’s modification.f 
This method depends upon the action of cyanide of potassium on 
ainmoniacal solution of copper. The azure blue color disappears, 
Ou 3 Cy,NH^Cy and KG are formed, while 1 eq. of cyanogen is separated, 
which, acting on the free ammonia, gives urea, oxalate of urea, cyanide 
of an^ionium and formiate of ammonia (Liebig^). The decomposi- 
tion is not always the same, the quantity and degree of concentration 
of the ammonia has a marked influence on it : compare Liebig (loc, cit.), 
also my own experiments (No. 73 «), from which it ajipears that 
neutral ammonia salts also afl'ect the results. See also Fleck (loc, cit.), 
\. WoLFSKRON,§ SteinbeckII and KiRriTscHow.lF 

Fleck proposes the following modification : — Instead of caustic 
ammonia use a solution of sesquicarbonate of ammonia (1 in 10), warm 
the mixture to about 60°, and in order to render the end-reaction 
plainer add 2 drops of solution of ferrocyanide of potassium (1 in 20) ; 
the blue color of the solution is not altered by this addition, nor is its 
clearness affected. The value of the cyanide of potassium solution is 
first determined, by means of copper solution of known strength, and 
it is then employed on the copper solution to be examined. On 
droiiping the cyanide of potassium into the blue solution warmed 

* Mining Journal, 1851 + Polytechn. Centralbl. 1859, 1313. 

X Aulial. d. Chem. u. Pharm. 95, 118. § Zeitschr. f. anal Cbem. 5, 403. 

II Ib, 8, IG. ^ Zeitschr. f. Chem. (2) 7, 207. 

S 2 
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to 60®, the odor of cyanogen is plainly perceptible, and the color 
gradually disappears. As soon as the ammoniacai double salt of copper 
is destroyed, the solution becomes red from the formation of fer- 
rocyanide of copper, without any precipitate appearing, and with the 
addition of a final drop of cyanide of potassium this red color in its turn 
vanishes, so that the fluid now appears quite colorless. 

The method thus modified yields, it is true, better, but still only 
approximate results.* * * § Where such are good enough, the method is 
certainly convenient. I have found that the presence of ammonia salts 
is here also not without influence (Expt. No. ?3 h) ; on this account 
the method seems to be applicable only, if the standardizing of the 
cyanide of potassium and the actual analysis are performed under very 
similar circumstances. 

, On the latter principle Steinbeck’s! method depends, which was 
devised for the estimation of copper in the Mansfeld shales, and re- 
ceived a premium from the Mansfeld Ober-Berg- und Hiitten-Direction. 
The coj>per is first thrown down in the metallic state from the hydro- 
chloric acid solution by zinc in contact with platinum. It is washed, 
dissolved in a definite quantity of nitric acid, mixed with a definite 
quantity of ammonia, and then titrated with cyanide of potassium. The 
results are not only concordant but also very nearly correct if the 
cyanide is standardized under the same conditions as it is used. In 
standardizing, about the same quantity of copper should be employed 
as will have to be estimated. The strength of the cyanide is 
1 c.c. = *006 grm. copper. 

c. Methods which depend on the precipitation of the copper by sul- 
phide of sodium. 

Pelouze supersaturates the neutral or acid solution with ammonia, 
heats to between 60 and 80°, and adds sulphide of sodium till the blue 
color disapjiears. The precipitate which falls at this temj)cratui'e 
consists of 5CuS + CuO. Since the temperature influences the com- 
position of the precipitate, and the disappearance of the blue color is 
not a particularly sharp end-reaction, Fii. MohrI and Kunzel§ have 
modified the method. The former precipitates in the c(dd (by which 
sulphide of copper is thrown down) and tests for the first excess of 
sulphide of sodium with alkaline solution of lead. The latter pi^ciju- 
tates at a boiling heat (when the oxysulphide is rapidly deposited) and 
tests for the complete jirecipitation of the copper by bringing a drop of 
the fluid in contact wdth freshly precijiitated sulphide of zinc which 
should not be colored brown by it. The strength of the sulphide of 
sodium should be 1 c.c. = about *01 grm. co]>per. To standardize it we 
use a copper solution containing 10 grm. in 1 litre. 20 c.c. of this are 
taken ( = *2 grm. copj)er), supersaturated with ammonia, diluted with 
water, boiled and titrated with sulphide of sodium. The sulphide of 
zinc required is ])repared by dissolving ordinary zinc in hydrochloric 
acid, adding ammonia in excess and boiling with a little sulphide of 
sodium, by which any lead in solution is thrown down ; the filtrate is 


* In six experimentB, in which he had purpoaely added different quantities of car- 
bonate ot ammonia, Fleck used for 100 c.c. copper solution, in the minimum 15*2, in 
the maximum 16*75, in the mean 15*46 c.c. cyanide of potassium solution. 

t Zeitschr. f. anal. Chem. 8, 8. 

X His Lebrbuch der Titrirmethode, 3 Aufl. 429. 

§ Journ. f. prakt. Chem. 88, 486 , Zeitschr. f. anal. Chem. 2, 873. 
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then mixed with sulphide of sodium (not quite sufficient to throw down 
the whole of the zinc)j and the mass obtained is spread out over several 
layers of blotting pa])er. 

According to AiiNZBL, with careful manipulation the error does not 
exceed *25 per cent. ; the method is therefore quite accurate enough 
for technical purposes. 

d. Methods which depend on the reduction of chloride of copper by 
protochloride of tin. 

E. Mulder* was the first to use this reaction as the basis of a 
method for estimating cof)per, be adopted indigo xarmine as the in- 
dicator. Fr. WEiLt found that if enough hydrochloric acid was 
present^ the loss of color of the hot solution indicated the conclusion of 
the reduction. The latter prepares the solution of protochloride of tin 
by dissolving 6 grm. tinfoil in 200 c.c. hot hydrochloric acid and dilut- 
ing to a litre with boiled water. The copper solution, which is used 
to standardize the tin before each fresh series of determinations, is pre- 
pared by dissolving 7*867 grm. powdered sulphate of copper pressed 
between blotting })aper ( = 2 grm. copper) to half a litre. Iransfer 
25 c.c. of the copper solution ( — *1 grm. copper) to a flask holding about 
100 C.C., add 5 c.c. concentrated sulphuric acid, heat to gentle boiling, 
and maintaining at this temperature, add the tin solution till the fluid 
apjiears as colorless as distilled w’ater. IVow add 5 c.c. hydrochloric 
acid, and if a slight color is jiroduced remove this by a few drops of the 
tin solution. If you wish to satisfy yourself that the reaction is 
actually finished, mix a small portion after cooling with a drop of 
chloride of mercury. If no visible turbidity is produced, the proto- 
chloride of tin is not in excess. You may therefore add still more till a 
small separation of subchloride of mercury takes place on testing, but 
then you should deduct *05 c.c. from the amount of tin solution used. 

] n titrating an unknown solution of copper you proceed in the same 
way. Any nitric acid that may be present is first removed by 
evaporating with excess of su]]>nuric acid. Sesquioxidc of iron, if 
present, is reduced with the chloride of copper. In that case, in a 
second portion of the solution precipitate the copper by means of zinc 
and platinum wire in the heat, determine the protoxide of iron obtained 
with permanganate or chromate of potash (§ 112), and then calculate 
how much protochloride of tin was required to reduce the sesquioxide 
of iron j the remainder corresponds to the chloride of copper. Or you 
may wash the precipitated copper, dissolve it in sulphuric acid and 
reduce with protochloride of tin. The test analyses communicated by 
Weil are satisfactory. 

e, ScHWARzJ precipitates the copper as suboxide by heatings the 
solution of the tartrate of copper and potash with grape sugar, filters, 
washes, warms with sesquichloride of iron and hydrochloric acid, 
and determines the protocnloride of iron with permanganate§. Cu^^O 
+ Fe^Cl, + HCl = 2CuCl + 2FeCl + HO. 

/. E. FleischerII precipitates the copper as subsulnhocyanide 
(§ 119, 3, h), boils the washed precipitate with potash, and thus obtains 

* Jabresber. von Kopp u. Will, 1860; 613, 
t Zeitschr. f. anal. Chem. 9, 297. t Annal. d. Cbem. u. Pharm. 84, 84. 

§ Chromate of potanli is not suitable, as the chloride of copper impairs ihe uia- 
iinctuetitf oi the end-reaction. 

II Zeitschr. f. anal. Chem. 9, 265. 
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^uboxide of copper ; or he precipitates with iodide of potassium and 
protocliloride of tin, and thus obtains subiodide of copper. Either of 
these precipitates he brings in contact with sesqui sulphate of iron, deter- 
mines the protoxide of iron produced and calculates tne copper therefrom. 

g, F. Fleitmann* precipitates the copper with zinc, brings the 
washed precipitate in contact with sesquichloride of iron and hy- 
drochloric acid and determines the protochloride of iron produced. 
Cu + Fe,Cl =CuCl + 2FeCl. 

A. li. ScHWARZf adds xanthogenate of potash to the acetic acid 
solution of the copper, till no more precipitate is formed. The other 
heavy metals, except zinc, are precipitated from their acetic acid solu- 
tion by this reagent, hence the copper must first be separated from them. 
The methods to A require previous precipitation or isolation of the 

S 3r, they cannot therefore deserve the preference before gravimetric 
ods except in very special cases. 

§ 120 . 

6. Teroxide of Bismuth. 

fl. Solution, 

Metallic bismuth, the teroxide, and all other compounds of that 
metal, are dissolved best in nitric acid, more or less diluted. It must 
be borne in mind that hydrochloric acid solutions of bismuth, if con- 
centrated, cannot be evaporated without loss of chloride of bismuth. 

h. Determination, 

Bismuth is weighed in the form of teroxide^ of chromate^ of sulphide 
in the metallic state^ or as arseniate. The compounds of bismuth are 
converted into teroxide by ignition, by precipitation as basic carbonate, 
or by repeated evaporation of the nitrate solution. These are some- 
times preceded by separation as sulphide. The determination as 
metallic bismuth is frequently preceded by precipitation as sulphide or 
as basic chloride. 

We may convert into 

1. Teroxide of bismuth : 

a. By Precipitation as carbonate of bismuth. All compounds of bismuth 
which dissolve in nitric acid to nitrate, no other acid remaining in the 
solution. 

b. By Ignition, 

a. Salts of bismuth with readily volatile oxygen acids. 

,6, Salts of bismuth with organic acids. 
c. By Evaporation, Bismuth in nitric acid solution. 
d. By Precipitation as tersulphide of bismuth. All compounds of bis- 
muth without exception. 

2. Chromate or arseniate op bismuth: All compounds 
named in 1, a, 

3. Sulphide of bismuth : Tlie compounds of bismuth without 
exception. 

4. Metallic bismuth : The oxide and its salts, the sulphide, the 
basic chloride, in which latter form the bismuth may be precipitated 
out of all its solutions. 

* Annal. d. Chem. u. Pharm. 98, 141. 

t Dinolbb’s polyt. Journ. 190, 220 and 295 •, Zeiteclir. f. anal. Chem. 8, 462. 
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1. Determimtim of Bismuth as Teroxide, 

a. By Precipitation as Cktrhonaie of Bismuth, 

If the solution is concentrated add water, takingr no notice of any 
precipitate of basic nitrate that may be formed. Mix with carbonate 
of ammonia in very slight excess, and heat for some time nearly to 
boiling; filter, dry the precipitate, and ignite in the manner directed 
§116, 1 (Ignition of carbonate of lead) ; the process of ignition serves to 
convert the carbonate into the pure teroxide of bismuth. For the pro- 
perties of the precipitate and residue, see § 86. The method gives 
accurate results, though generally a trifle too low, owing to the 
circumstance that carbonate of bismuth is not absolutely insoluble in 
carbonate of ammonia. Were you to attempt to precipitate bismuth, 
by means of carbonate of ammonia, from solutions containing sulphuric 
acid or hydrochloric acid, you would obtain incorrect results, since with 
the basic carbonate, basic sulphate or basic chloride would be precipi- 
tated, which are not decomposed by excess of carbonate of ammonia. 
Were you to filter ofi* the precipitate without warming, a considerable 
loss would be sustained, as the whole of the basic carbonate would not 
Lave been separated (Expt. ]\o. 74). 

h. By Ignition,, 

a. Compounds like the carbonate or nitrate of bismuth are ignited 
in a porcelain crucible until their weight remains constant. 

Compounds with organic acids are treated like the corresponding 
compounds of oxide of copper (§ 119, 1, c,). 

e. By Evaporation, 

The solution of the nitrate is evaporated, in a porcelain dish on the 
water-bath, till the neutral salt remains in syrupy solution ; — add water, 
loosen the white crust that is formed with a glass rod from the sides, 
evaporate again on a water-bath, reprecipitate with water, and repeat the 
whole operation three or four times. After the dry mass on the water- 
bath has ceased to smell of nitric acid, it is allowed to cool thoroughly, 
and then treated with cold water containing a little nitrate of ammonia 
(1 in 500) ; after the residue and fluid have been a short time together, 
filter, wash with the weak solution of nitrate of ammonia, dry and 
ignite (§ 53). Results very satisfactory (J. Lowe*). 

d. By Precipitation as Tcrsulphide of Bismuth, 

Dilute the solution with water slightly acidulated with acetic acid 
(to prevent the precipitation of a basic salt), and precipitate with sul- 
phuretted hydrogen water or gas ; allow the precipitate to subside, and 
test a portion of the supernatant fluid with sulphuretted hydrogen water : 
if it remains clear, which is a si^n that the bismuth is completely pre- 
cipitated, filter (the filtrate should smell strongly of HS), and wash the 
precipitate with water containing sulphuretted hydrogen. Or mix 
with ammonia until the free acid is neutralized, then add sulphide of 
ammonium in excess, and allow to digest for some time. 

The washed precipitate may now be weighed in three different 
forms, viz., as sulphide, as metal, or as oxide. The treatment in the 
two former cases will be described in 3 and 4 : in the latter case proceed 
as follows : — 


* Journ. f. prakt. Chem. 74, 344. 
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Spread the filter out on a glass plate and remove the precipitate to 
a vessel by means of a jet of water from the wash-bottle — or, if this is 
not practicable, put the precipitate and filter together into the vessel — 
and heat gently with moderately strong nitric acid until complete de- 
composition is "effected 5 the solution is then diluted with water slightly 
acidulated with acetic or nitric acid, and filtered, the filter being washed 
with the acidulated water j the filtrate is then finally precipitated as 
directed in a. 

2. Detcrminatxm of Bwtmth as Chx'omatc (J. Lowe*), 

Pour the solution of bismuth, which must be as neutral as possible, 
and must, if necessary, be first freed from the excess of nitric acid by 
evaporation on the water-bath, into a warm solution of pure bichromate 
of potassa in a porcelain dish, with stirring, and take care to leave the 
alkaline chromate slightly in excess. Kiiise the vessel which contained 
‘the solution of bismuth with water containing nitric acid into the 
})orcelain dish. The precijntate termed must be orange-yellow, and 
dense throughout; if it is fiocculent, and has the color of the yolk ot 
an egg, this is a sign that there is a deficiency of chromate of potassa ; 
in which case add a fresh quantity of this salt, taking care, however, 
to guard against too great an excess, and boil until the precipitate 
presents the proper appearance. Boil the contents of the dish for ten 
minutes, with stirring; then wash the precipitate, first by repeated 
boiling with water and decantation on to a weighed filter, at last 
thoroughly on the latter with boiling water ; dry at about 120°, and 
w^eigh. For the properties and composition of the precipitate, see § 80. 
Results very satisfactory. 

3. Deter minatian of Bismutfi as Svljjhide. 

Precipitate the bismuth as sulphide according to 1, If the pre- 
cipitate contains sulphur, extract the latter by boiling with solution of 
sulphite of soda, or by treatment with bisulphide of carbon (comjmre 
the determination of mercury as sulphide, § 118, 8), collect on a 
weighed filter, dry at 100°, and weigh. 

The drying must be conducted with caution. At first the preci- 
pitate loses weight, by the evaporation of water, then it gains weight, 
Irom the absorption of oxygen. Hence you should weigh every half 
hour, and take the lowest weight as the correct one. Compare 
Expt. JNo. [) 2 . Properties and composition, § 80, y. 

The sulphide ot bismuth cannot be conveniently converted into the 
metallic &cate by ignition in hydrogen, as its complete decomposition is 
a work of considerable time. As regards reduction with cyanide of 
potassium, see 4. 

4. Deterxnmation of Bisirmth as Metal. 

The oxide, sulphide, or basic chloride that are to be reduced are 
fused in a porcelain crucible with five times their quantity of ordinary 
cyanide of potassium. The crucible must be large enough. In the 
case of oxide and basic chloride, the reduction is completed in a short 
time at a gentle heat ; sulphide, on the other hand, requires longer 
fusion and a higher temperature. The operation has been successtul, 
if on treatment with water metallic grains are obtained. These grains 


Jouru. f. prakt. CLem. U?, 404. 



§ 121 .] 


OXIDE OF CADMIUM. 


265 


are first washed completely and rapidly with water, then with weak, 
and lastly with strong spirit, dried and weighed. If you have been 
reducing the sulphide, and on treating the fused mass with wat^r a 
black powder (a mixture of bismuth with sulphide of bismuth) is visible, 
besides the metallic grains, it is necessary to fuse the former again with 
cyanide of potassium. 

It sometimes happens that the crucible is attacked, and particles of 
porcelain are found mixed with the metallic bismuth ; to prevent this 
from spoiling the analysis, weigh the crucible together with a small 
dried filter before the experiment, collect the metal on the filter, dry 
and weigh the crucible with the filter and bismuth again. Results 
good (H. Rosk*). 

The precipitation of bismuth as basic chloride, and the reduction of 
the latter with cyanide of potassium, has been recommended by H. RosE.f 
The process is conducted as follows : — nearly neutralize any large 
excess of acid that may be present with potassa, soda, or ammonia, add 
chloride of ammonium in sufficient quantity (if hydrochloric acid is not 
already present), and then a rather large quantity of water. After 
allowing to stand some time, test whether a portion of the clear super- 
natant fluid is rendered turbid by a further addition of water ; and then, 
if’ required, add water to the whole till the precipitation is complete. 
Finally filter, wash completely with cold water, dry and fuse according 
to the directions just given with cyanide of potassium. It is less 
advisable to dry the precipitate at 100°, weigh and calculate the metal 
present from the formula 2hiO, + BiCl^, as washing causes a slight 
alteration in its comiiosition (unless a little hydrochloric acid is added 
to the wash-water, which is inconvenient when the precipitate is col- 
lected on a weighed filter) and if precipitated in the presence of sul- 
phuric, phosphoric acids, ifec., it is liable to contain small quantities ot 
these acids. Results accurate. 

5. Dvtcrmirifitwn of Bismuth as ArMfimtv, ^ ^ • 

ScHEELE tells us that the arseniute of bismuth is quite insoluble in 
nitric acid, and this has been found correct. On this fact, SalkowskU 
bases an estimation of bismuth. The solution of nitrate of bismuth 
must contain a little nitric acid, and be free from other acids. Preci- 
T)itate with arsenic acid in moderate excess, stir without touching tiie 
sides of the beaker, allow to stand in the cold for a few hours, collect 
on a filter dried at 120% and wash till the washings begin to show a 
slight turbidity. Dry at 120% and weigh. The dried precipitate has the 
composition Bi 03 ,As 0 ,,H 0 . It is not advisable to ignite the preci- 
i)itate as the carbon of the filter exercises a reducing action even 
nitrate of ammonia is used. The test-analyses communicated by 
Salkowski gave 99*88 to 100*02 instead of 100. 


§ 121 . 


7. Oxide of Cadmium. 

a. Solution, i 1 • 

Cadmium, its oxide, and all the other compounds insoluble in water, 

are dissolved in hydrochloric acid or in nitric acid. 


* Annal. 91, 104, and 110, 136. *f 
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b. Determination, 

Cadmium is weighed either in the form of oaridey or in that of 
mlphide (§ 87). It may also be weirfied as sulphate y and in the absence 
of other bases precipitable by oxalic acid, it may be estimated volu- 
metrically. 

We may convert into 

1. Oxide of cadmium : 

«. By Prcdpitatwn, The compounds of cadmium which are soluble 
in water ; the insoluble compounds, the acid of which is removed upon 
solution in hydrochloric acid ; salts of cadmium with organic acids. 

h. By lynitian. Salts of cadmium with readily vmatile or easily 
decomposable inorganic oxygen acids. 

2. Sulphide of cadmium : All compounds of cadmium without 
exception. 

3. Sulphate of cadmium : All compounds of cadmium, in the 
absence of other non-volatile substances. 

1. Determination as Oxidi' of Cadmium. 

a. By PreeApitation, 

Precipitate with carbonate of potassa, wash the precipitated car- 
bonate of cadmium, and convert it, by ignition, into the state of pure 
oxide. The precipitation is conducted as in the case of zinc, § 108, 1, «. 
The oxide of cadmium which adheres to the filter may easily ))e reduced 
and volatilized ,* it is therefore necessary to be cautious. In the first 
})lace choose a thin filter, transfer the dried preci})itate as completely as 
possible to the crucible, replace the filter in the funnel, and moisten it 
with nitrate of ammonia solution, allow to dry, and then burn carefully 
in a coil of platinum wire. Let the ash fall into the crucible containing 
the mass of the precipitate, ignite carefully, avoiding the action of 
reducing gases, and finally weigh. Jt is difficult to remove the last 
portions of carbonic acid, you must therefore repeat the ignition till the 
weight remains constant. Properties of precipitate and residue, § 87. 
Hesults generally a little too low. 

b. By Ignition. 

Same process as for zinc, § 108, 1, c. 

2 . Determination as Sulphide of Cadmium. 

It is best to precipitate the moderately acid solution with sulphuretted 
hydrogen water or gas, which must be used in sufficient excess. The 
presence of a considerable quantity of free hydrochloric or nitric acid 
may — -especially if the solution is not enough diluted — prevent complete 
precipitation, hence such an excess should be avoided, and the clear 
supernatant fluid should in all cases be tested, by the addition of a 
relatively large amount of sulphuretted hydrogen water to a portion, 
before being filtered. Alkaline solutions of cadmium may be precipitated 
with sulphide of ammonium. If the sulphide of cadmium is free from 
admixed sulphur, it may be at once collected on a weighed filter, 
washed first with diluted sulphuretted hydrogen water mixed with a 
little hydrochloric acid, then with pure water, dried at 100°, and 
weighed ; if. on the contrary, it contains free sulphur, it may be 
purified by boiling with a solution of sulphite of soda, or by treatment 
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with bisulphide of carbon (see Sulphide of Mercury, § 118, 3). Results 
accurate. The precipitation of sulphur may occasionally be obviated 
by addin;^ to the cadmium solution cyanide of potassium till the pre- 
cipitate first formed is redissolved, ana then precipitating this solution 
with sulphuretted hydrogen. 

If the sulphide of cadmium is not to be weighed as such, warm it, 
together with the filter, with moderately strong hydrochloric acid, 
till the precipitate has dissolved and the odor of sulphuretted hy- 
drogen is no longer perceptible, filter and precipitate the solution as 
in 1, after having removed the excess of free acid for the most part 
by evaporation. 

3. Determination as Sulphate of Cadmium, 

Same process as for magnesia (§ 104, 1). The CdO,SOg may be 
rather strongly ignited without decomposition. 

4. W. Gibbs* determines cadmium uolumetrically by mixing the 
concentrated solution of the sulphate, nitrate, or chloride with excess 
of oxalic acid and a quantity of strong spirit, filtering, washing with 
alcohol, dissolving in hot hydrochloric acid and determining the oxalic 
acid with permanganate (§ 137). W. G. LeisonI obtained satisfactory 
results by this process. 

Supplement to the Fifth Group, 

§ 122 . 

8. Protoxide of Palladium. 

Protoxide of palladium is converted, for the purpose of estimation, 
into the metallic state; or — in many separations — into double chloride of 
palladium and potassium, 

1. DeUrmination as Palladium, 

a. Neutralize the solution of protochloride of palladium almost com- 
pletely with carbonate of soda, mix with solution of cyanide of mercury ; 
and heat gently for some time, until the odor of prussic acid has gone 
off. A yellowish-white precipitate of protocyaniae of palladium will 
subside ; from dilute solutions, only after the lapse of some time. 
Wash first by decantation, then on the filter, dry thoroughly, ignite 
cautiously, finally over the gas blowpipe till the paracyanide of palladium 
first formed is decomposed, then ignite in hydrogen, since the palladium 
has been slightly oxidized. As soon as the lamp is removed stop the 
hydrogen to prevent absorption, and weigh the metal. If the solution 
contains nitrate of protoxide, evaporate it first with hydrochloric acid 
to dryness ; as otherwise the precipitate obtained deflagrates upon 
ignition (Wollaston). Results exact. 

b. Mix the solution of the protochloride or nitrate of protoxide of 
palladium with formiate of soda or potassa, and warm until no more 
carbonic acid escapes. The palladium precipitates in brilliant scales 
(Dobereiner). 

c. Precipitate the acid solution of palladium with sulphuretted hydro* 
gen, filter, wash with boiling water, roast, dissolve in hydrochloric acid 
and nitric acid, and precipitate as in a, 

* Zeitschr. f. aual. Ciiem. 7, 259. 
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Exposed to a moderate red heat metnllic palladium becomes covered 
with a film varying* from violet to blue, but at a higher temperature it 
recovers its lustre, which it keeps after being* suddenly cooled, for 
instance, with cold water. This tarnishing and recovery of the metallic 
lustre is not attended with any perceptible ditference of weight. Pal- 
ladium which has taken up oxygen is immediately reduced in hydrogen, 
when cooled in the current of gas, it retains some absorbed hydrogen. 
Palladium requires ihe very highest degree of heat for its fusion. It 
dissolves readily in nitrohydroc-hloric acid, with difficulty in pure nitric 
acid, more easily in nitric acid containing nitrous acid, with difficulty 
in boiling concentrated sulphuric acid. 

2. T)et(rmimiiioii as Double Chloride of Palladium and Potassium,. 

Evaporate the solution of chloride of palladium with chloride of 
potassium and nitric acid to dryness, and treat the mass when cold with 
alcohol of sp. gr., in which the double salt is insoluble. Collect 
on a weighed filter, dry at 100°, and weigh. Results a little too low, 
as traces of the double salt pass away with the alcohol washings 
(Berzelius). Instead of weighing the double salt you may ignite in 
hydrogen, remove the chloride of potassium with water and weigh the 
metal obtained. This method is indeed to be preferred, as it prevents 
any chloride of potassium in the precipitate from affecting the result. 

The DOUBLE CHLORIDE OF PALLADIUM AND POTASSIUM COnsistS 

of microscopic octahedra ; it presents the a{>pearance of a vermilion, or 
if the crystals are somewhat large, of a brown powder. It is very 
slighti}" soluble in cold water ; it is almost insoluble in cold spirit of 
the above strength. It contains 26*800^ palladium. 


SIXTH GROUP. 

Teroxide of Gold — Binoxide of Platinum — Teroxide of 
Antimony — Binoxide of Tin — Protoxide of Tin — Arsen lous 
AND Arsenic Acids — (Molybdic Acid). 

§123. 

1. Teroxide of Gold. 

a. Solution, 

Metallic gold, and all compounds of gold insoluble in water, are 
warmed wdth hydrochloric acid, and nitric acid is gradually added 
until complete solution is effected; or they are repeatedly digested 
with strong chlorine water. The latter method is resorted to more 
especially in cases where the quantity of gold to be dissolved is small, 
and mixed with foreign oxides, which it is wished to leave undissolved. 
According to W. Skey* tincture of iodine, or for larger quantities of 
gold bromine water, is better than chlorine water. They give solu- 
tions freer from other bases than the chlorine water gives. 

h. Determination, 

Gold is always weighed in the metallic state. The compounds are 
brought into this form, either by ignition or by precipitation, as gold, 
or sulphide of gold. 

We convert into 


* Zeitschr. f. anal. Chem. 10, 221. 
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Metallic gold. 

a. By Ignition, All compounds of gold which contain no fixed 
acid, or other body. 

1), By Precipitation as metallic gold. All compounds of gold without 
exception in cases where a is inapplicable. 

c. By Preci 2 ntatim €LS termlphide of gold. This method serves to 
efPect the separation of gold from certain other metals which may 
be mixed witn it in a solution. 

Determination as Metallic Gold, 
a. By Ignition, 

Heat the compound, in a covered porcelain crucible, very gently at 
first, but finally to redness, and weigh the residuary pure gold. For 
properties of the residue, see § 88. The results are most accurate. 

h. By Preeipitation as Metallic Gold, 

а. Ttte solution is free from Nitric Acid, Mix the solution with a 
little hydrochloric acid, if it does not already contain some of that acid 
in the free state, and add a clear solution of sulphate of iron in excess ; 
heat gently for a few hours until the precipitated fine gold powder has 
comjdetely subsided ; filter, wash, dry, and ignite according to § 52. A 
porcelain dish is a more appropriate vessel to effect the precipitation in 
than a beaker, as the heavy fine gold powder is more readily rinsed 
out of the former than out of the latter. There are no sources of error 
inherent in the method. 

3. The solution oj Gold contains Nitric Acid, Evaporate the solution, 
on a water-bath, to the consistence of S 3 Tup, adding from time to time 
hydrochloric acid ; dissolve the residue in water containing hydro- 
chloric acid, and treat the solution as directed in a. It will sometimes 
happen that the residue does not dissolve to a clear fluid, in conse- 
quence of a partial decomposition of the terchloride of gold into proto- 
chloride and metallic gold ; however, this is a matter of perfect in- 
difference. 

y. In cases where it is wished to avoid the presence of iron in the 
filtrate, the gold may be reduced by means of oxalic acid. To this end, 
the dilute solution — freed previously, if necessary, from nitric acid, 
in the mariner directed in 3 — is mixed, in a beaker, with oxalic acid, or 
with oxalate of ammonia in excess, some sulphuric acid added (if that 
acid is not already present in the free state), and the vessel, covered 
with a glass plate, is kept standing for two days in a moderately warm 
place. At the end of that time, the whole of the gold will be found to 
have separated in small yellow scales, which are collected on a filter, 
washed first with dilute hydrochloric acid, then with water, dried, and 
ignited. If the gold solution contains a large excess of hydrochloric 
acid, the latter should be for the most part evaporated, before the solution 
is diluted and the oxalic acid added. If the gold solution contains 
chlorides of alkali metals, it is necessa^ to dilute largely, and allow 
to stand for a long time, in order to effect complete precipitation (H. 
Rose). 

б. The gold may also be thrown down in the metallic form by hy- 
drate of chloral* in the presence of potash. Warm the solution, add 
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the chloral, then pure potash in excess and boil for a minute or so. 
The gold is precipitated with evolution of chloroform. 

€. Finally, gold may be thrown down by many metals, such as zinc, 
cadmium, magnesium, &c. The latter has been recommended by 
8cheibler* for the analysis of the gold salts of organic bases. The 
precipitate is first washed with hydrochloric acid, then with water. 

c. Precipitation as Tersulphide of Gold. 

Sulphuretted hydrogen gas is transmitted in excess through the 
dilute solution containing some free acid; the precipitate formed is 
speedily filtered off, without heating, Avashed, dried, and ignited in a 
porcelain crucible. For the properties of the precipitate, see § 88. 
No sources of error. 

§ 124. 

2. Binoxide of Platinum. 

a. Solution, 

Metallic platinum, and the compounds of platinum which are in- 
soluble in water, are dissolved b}" digestion, at a gentle heat, with 
iiitrohydrochloric acid. 

b. Deter roimtion. 

Platinum is invariably weighed in the inetallie state, to which con- 
dition its compounds are brought, either by precipitation as bichloride 
of platinum and chloride of ammonium, bichloride of platinum and 
chloride of potassium, or bisulj)hide of platinum, or hj ignition, or by 
precipitation with reducing agents. All comj)ounds of ])latinum, with- 
out exception, may, in most cases, be converted into platinum by either 
of these methods. Which is the most advantageous process to be 
pursued in special instances, depends entirely upon the circumstances. 
The reduction to the metallic state by simple ignition is preferable to 
the other methods, in all cases where admissible. The jirecipitation as 
bisulphide of platinum is resorted to exclusively to effect the separation 
of platinum from other metals. 

Determination as Metulhc Platinum, 

a. By Precipitation as Bichloride oj Platinum and. Chloride of Am- 
manium. 

The solution must be concentrated if necessary by evaporation on a 
water-bath. Mix, in a beaker, with ammonia until the excess of acid 
(that is, supposing an excess of acid to be present) is nearly saturated ; 
add chloride of ammonium in excess, and mix the fluid with a pretty 
large quantity of absolute alcohol. Cover the beaker now with a glass 
plate, and let it stand for twenty-four hours, after which filter through 
a weighed asbestos filtering tube or an unweighed filter, wash the pre- 
cipitate with spirit of wine of about 80 per cent., till the substances to 
be separated are removed, dry carefully, ignite according to § 99, 2, 
and weigh. In the case of large quantities the final ignition is advan- 
tageously conducted in a stream of hydrogen (§ 108, fig. ?9), in order 
to be quite sure of effecting complete decomposition. For the properties 
of the precipitate and residue, see § 89. The results are satisfactory, 
though generally a little too low, as the bichloride of platinum and 

* Ber. der deutsch. chem. Geselisch. 1869, 295. 
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chloride of ammonium is not altogether insoluble in spirit of wine 
(Expt. No. 16) ; and as the fumes of chloride of ammonium are liable to 
carry away traces of the yet undecomposed double chloride, if the 
application of heat is not conducted with the f^reatest care. 

If the precipitated bichloride of platinum and chloride of ammonium 
were weighed in that form, the results would be inaccurate, since, as I 
have convinced myself by direct experiments, it is impossible to com- 
pletely free the double chloride, by washing with spirit of wine, from 
all traces of the chloride of ammonium thrown down with it, without 
dissolving at the same time, a notable portion of the double chloride. 
As a general rule, the results obtained oy weighing the bichloride of 
platinum and chloride of ammonium in that form are one or two per 
cent, too high. 

h. By Predpitation as Bichloride of Platinum, and Chloride of Potassium, 

Mix the solution, in a beaker, with potassa, until the greater part 
of the excess of acid (if there be any) is neutralized ; add chloride of 
potassium slightly in excess, and finally a pretty large quantity of 
absolute alcohol ; should your solution of platinum be very dilute, 
you must concentrate it previously to the addition of the alcohol. After 
twenty-four hours, collect the precipitate upon a weighed asbestos fil- 
tering tube, wash with spirit of wine of 80 per cent., dry thoroughly at 
100°, and then convert into pure platinum according to § 97, 4, a, and 
weigh. For the pro})erties of the precipitate and residue, see § 89. 

The results are more accurate than those obtained by method 
since, on the one hand, the bichloride of platinum and chloride of potas- 
sium is more insoluble in spirit of wine than the corresponding ammo- 
nium salt ; and, on the otlier hand, loss of substance is less likely to 
occur during ignition. To weigh the bichloride of platinum and 
chloride of potassium in that form would not be practicable, as it is 
impossible to remove, by wasliing with spirit of wine, all traces of tlie 
chloride of patassium thrown down with it, without, at the same time, 
dissolving a portion of the double chloride. 

e. By Precipitation as Bisulphide of Platinum, 

Precipitate the solution with sulphuretted hydrogen water or gas, 
according to circumstances, heat the mixture to incipient ebullition, 
filter, wash the precijutate, dry, and ignite according to § 52. For the 
properties of the precipitate and residue, see § 89. The results are 
accurate. 

d. By Ignition, 

Same process as for gold, § 123. For the properties of the residue, 
see § 89. The results are most accurate. 

e. By Precipitation with Iteducing Agents, 

Various reducing agents may be employed to precipitate platinum 
from its solutions in the metallic state. The reduction is very promptly 
effected by sulphate of iron and potassa or soda (the protosesquioxide 
of iron being removed by subsequent addition of hydrochloric acid, 
Hem pel), or by pure zinc or magnesium (the excess of which is re- 
moved by hydrochloric acid) ; somewhat more slowly, and only with 
application of heat, by alkaline formiates. Nitrate of suboxide of 
mercury also precipitates the whole of the platinum from solution of 



272 


DETERMINATION. 


[§ 72S. 


the bichloride ; upon igniting the brown precipitate obtained, fumes of 
subchloride of mercury escape, and metallic platinum remains. 


§ 125. 

3. Teroxide of Antimony. 

a. Solution, 

Teroxide of antimony, and the compounds of that metal which are 
insoluble in water, or are decomposed by that agent, are dissolved in 
more or less concentrated hydrochloric acid. Metallic antimony is dis- 
solved best in nitrohydrochloric acid. The ebullition of a hydrochloric 
acid solution of terchloride of antimony is attended with volatilization 
of traces of the latter ; the concentration of a solution of the kind by 
evaporation involves accordingly loss of substance. Solutions so highly 
dilute as to necessitate a recourse to evaporation must therefore pre- 
viously be supersaturated with potassa. Hydrochloric acid solutions 
of teroxide of antimony, which it is intended to dilute with water, must 
previously be mixed with tartaric acid, to prevent the separation of 
basic salt. In diluting an acid solution of antimonic acid in hydro- 
chloric acid, the water must not be added gradually and in small 
quantities at a time, which would make the fluid turbid, but in sufli- 
cient quantity at once, which will leave the fluid clear. 

h. Determination, 

Antimony is weighed either as trrsnlphidc or antimmiate of teroxide 
(SbO^), in separations it is sometimes weighed as metallie antimony ; or 
it is estimated volumetrically. 

The oxides of antimony, and their salts with readily volatile or de- 
composable oxygen acids may he converted into antirnoiiiute of teroxide 
by simple ignition. Antimony in solution is almost invariably first pre- 
cipitated as sulphide, which is then, with the view of estimation, con- 
verted into anhydrous sulphide, or into antimoniate of teroxide, or de- 
termined volumetric-dly. Of the volumetric methods the first two are 
onlv to he used when the antimony is present as pure teroxide or 
terchloride. 

1. Precijntation as Sulphide of Antimony, 

Add to the antimony solution hydrochloric acid, if not already 
present, then tartaric acid, and dilute with water, if necessary. In- 
troduce the clear fluid into a flask, closed with a doubly perforated 
cork ; through one of the perforations passes a tube, bent outside at a 
right angle, which nearly extends to the bottom of the flask ; through 
the other perforation passes another tube, bent outside twice at right 
angles, which reaches only a short way into the flask ; the outer end of 
this tube dips slightly under water. Conduct through the first tube 
sulphuretted hydrogen gas, until it predominates strongly ; put the 
flasK in a moderately warm place, and after some time conduct carbonic 
acid into the fluid, until the excess of the other gas is almost completely 
removed. If there is no reason against it, from the presence of a large 
quantity of hydrochloric acid, or from the presence of nitric acid, it is 
well to heat the solution during the passing of the gas, finally even 
boiling. The precipitate is then denser, and may be very easily washed 
(Sharples*). 

* Zeitschr. f. aual. CLeui. 10, 343. 
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If the anumnt of the precipitate is at all considerabley filter without 
intermission through a weig:hed filter, wash rapidly and thoroughly 
with water mixed with a few drops of sulphuretted hydrogen watei;, 
dry at 100®, and weigh. The precipitate so weighed always retains 
some water, and may, besides, contain free sulphur ; in fact, it always 
contains the latter in cases where the antimony solution, besides ter- 
oxide or terchloride, contains antimonic acid or pentachloride of 
antimony, since the precipitation under these circumstances is preceded 
by a reduction of the higher oxide or chloride to teroxide or terchloride, 
accompanied by separation of sulphur (H. Rose). A further examina- 
tion ot the precipitate is accordingly indispensable. To this end, treat 
a sample of the weighed precipitate with strong hydrochloric acid. If 
a. The sample dissolves to a clear fluid, this is a proof that the pre- 
cipitate only contains iSbS, ; but if 

h. Sulphur separates, this shows that free sulphur is present. 

In case a (in order to remove the water retained at 1 00°) the greater 
portion of the dried precipitate is weighed in a porcelain boat, which is 
then inserted into a glass tube, about 2 decimetres long; a slow 
current of dry carbonic acid is transmitted through the latter, and the 
boat cautiously heated by means of a lamp, moved to and fro under it, 
until the orange precipitate becomes black. The precipitate is then 
allowed to cool in the current of carbonic acid, and weighed ; from the 
amount found, the total quantity of anhydrous sulphide of antimony 
contained in the entire precipitate is ascertained by a simple calcula- 
tion. The results are accurate. Expt. No. 75 gave 99*24 instead of 
100. But if the precipitate is simply dried at 100°, the results are 
about 2 per cent, too high — see the same experiment. For the pro- 
perties of the precipitate, see § 90. 

In case by the precipitate is subjected to the same treatment as in a, 
with this difference only, that the contents of the boat are heated much 
more intensel}^ and the jirocess is continued until no more sulphur is 
expelled. This removes the whole of the admixed sulphur; the 
residue consists of pure tersulphide of antimony. It must be com- 
pletely soluble in fuming hydrochloric acid on heating. 

If the amount of the preciintate is small, collect it in a weighed asbestos 
filtering tube, dry in a slow current of carbonic acid at a gentle heat, 
heat finally ratlier more strongly till the sulphide has turned black and 
any free sulphur present has volatilized, allow to cool, replace the gas 
in the tube by air and weigh. Results quite satisfactory.* 

According to Bunsen it is best to convert the sulphide of antimony 
into antimoniate of teroxide (see 2). 

For the method of estimating the antimony in the sulphide volu- 
metrically and indirectly, see 8, c. 

2. Determination as Antirnoniaie of Teroxide. 

a. In the case of teroxide of antimony or a compound of the same 
with an easily volatile or decomposable oxygen acid, evaporate care- 
fully with nitric acid, and ignite finally for some time till the weight is 
constant. The experiment may be safely made in a platinum crucible. 
With antimonic acid, the evaporation with nitric acid is unnecessary. 
h. If sulphide of antimony is to be converted into antimoniate of 

* Zeitsohr. f. anal. Chem. 8, 155. 
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teroxide, one of the two following methods given by Bunsen* is 
employed : — 

a. Moisten the dry sulphide of antimony with a few drops of nitric 
acid of 1*42 sp. p^r., then treat, in a weiprhed porcelain crucible, with 
concave lid, with 8 — 10 times the quantity of fuming* nitric acid,t and 
let the acid g*radually evaporate on the water- bath. The sulphur 
separates at first as a fine j)owder, which, however, is readily and com- 
pletely oxidized during* the process of evaporation. The white residual 
mass in the crucible consists of antimonic acid and sulphuric acid, and 
may by ig*nition be converted, without loss, into antimoniate of teroxide 
of antimony. If the sulpliide of antinioii}^ contains a larg-e excess of 
free sulphur, this must first be removed by washing;* with bisulphide of 
carbon. 

Mix the sulphide of antimony with 30 — 50 times its quantity of 
pure oxide of mercury, I and heat the mixture gfradually in an open 
porcelain crucible. As soon as oxidation begins, which may be known 
by the sudden evolution of gray mercurial fumes, moderate the heat. 
When the evolution of mercurial fumes diminishes raise the temperature 
ag-ain, always taking care, however, that no reducing gases come in 
contact with the contents of the crucible. Remove the last traci‘s of 
oxide of mercury over the blast gas-lamp, then weigh the residual fine 
white powder of antimoniate of teroxide of antimony. As oxide of 
mercury generally leaves a trifling fixed residue u])on ignition ; tlie 
amount of this should be determined once for all, the oxide of mercury 
added approximately weighed, and the corresponding amount of fixed 
residue deducted from the antimoniate of teroxide of antimony. Tlie 
volatilization of the oxide of mercury jiroceeds much more rapidly 
when effected in a platinum crucible, instead of a porcelain one. Rut, 
if a jdatinum crucible is employed, it must be effectively ])rotected from 
the action of antimony iqion it, by a ffood liuinf] of oxide of mercury.§ 
If the sulphide of antimony contains free sul]»hur, this must first be 
removed by washing wdth bisulphide of carbon, before the oxidation can 
be proceeded with, since otherwise a slight deflagration is unavoidable. 

3. VoluTnetric MetJuxU, 

a. Oxidation of T(r oxide of Antimony to Antimonic Acid by Iodine 
(MohrII). 

* Annal d. Chem. u. Pharm. 106, 3. 

+ Nitiic acid of 1*42 sp. gr. is not suitable for this })urpose, as its boilincr point is 
almost 10® above the fusing point of sulphur, whereas fuming nitric acid boils at 86% 
consequently below the fusing point of sulphur. With nitric acid of 1*42 sp. gr., 
therefore, the separated sulphur fuses and forms drops, which obstinately resist 
oxidation. 

X It is best to use that prepared in the wet way (§ 60, 4) 

§ This is effected best, according to Bunsen, in the following way ; Soften the 
sealed end of a common test-tube before the glass-blower’s lamp ; place the softened 
end in the centre of the platinum crucible, and blow into it, which will cause it to 
expand and assume the exact form of the interior of the crucible. Crack off the bottom 
of tiie little flask so formed,' and smooth the sharj) edge cautiously by fusion. A glass 
is thus obtained, open at both ends, which exar tly fits the crucible. To effect the 
lining by means of this instrument, fill the crucilde loosely with oxide of men ury up 
to the brim, then force the glass gradually and slowly down to the bottom of the cru- 
cible, occasionally shaking out the oxide of mercury from the interior of the glass. 
The inside of the crucible is thus covered with a layer of oxide of mercury 4 — 1 Hue 
thick, which, after the removal of the glass, adheres with sufficient fiimness, even 
upon ignition. 

II His Lehrbucli der Titrirmethode, 3 Aufl. 276. 
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The oxidation is effected in alkaline solution, and proceeds accord- 
ing to the eouation : SbOg + + 2NaO = SbO^ + 2NaI. This method 

cannot be relied on except under very definite conditions ; for teroxide 
of antimony has not invariably the same tendency, in alkaline solution, 
to change to antimonic acid ; but this tendency is greater in presence 
of a large proportion of alkaline carbonate, than in presence of a small 
proportion, and becomes constant only in presence of a certain excess 
of alkaline carbonate. To obtain accurate results, therefore, it is neces 
sary to proceed as follows : — 

Dissolve a portion of the compound, containing about ‘1 grm. ter- 
oxide of antimony, in about 10 c.c. of tartaric acid and water, and ada 
solution of carbonate of soda till the fluid is about neutral. Add now 
20 c.c. of a cold saturated solution of Incarbonate of soda ; the fluid 
will remain clear ; add some starch paste, and finally, drop by drop, 
standard solution of iodine (§ 140), until the fluid, after being stirred, ' 
remains just blue. The disapjiearance of the color, a short time after, 
must not induce the operator to add any more solution of iodine ; 

2 eq. of the iodine used correspond to 1 eq. teroxide of antimony. 

The results obtained are quite satisfactory (Exj>t. No. 70). I 
cannot recommend the use of the monocarbonate of soda which Mohu 
employed in his exjieriments, as that salt has of itself the property of 
fixing a considerable proportion of iodine, which varies, moreover, with 
the quantity of water used (Expt. JNo. 77) ; whilst this is not the case 
with the bicarbonate (Expt. JNo. 78). Comp, also § 127, 5, a, 1, and 
Expt. JNo. 79. 

h, O.ridutim of Ttr oxide (f Antimony in hydrochloric acid solution hy 
ehrontate or pirmanganate of potash, 

E. Kessler^s* first description of this method was so wanting in 
precision, that it could not be depended upon. However, he has sincef 
determined most accurately the conditions under which teroxide of 
antimony in acid solution may he satisfactorily titrated either witli 
chromate of potash (the excess of the standard solution being de- 
termined with sulphate of iron) or with permanganate of potash. 

I . THration with Bichromate of Potash, 

1. Requisites. 

a. Standard Solution of Arsenimis Acid, Dissolve exactly 6 grm. pure 
arsenious acid by the aid of some soda solution, add hydrochloric acid 
till slightly acid, then 100 c.c. more of hydrochloric acid of 1-12 sp. gr., 
and dilute to 1000 c c. Each c.c. contains *005 grm. arsenious acnl 
and corresponds to •0071374 teroxide of antimony. 

Solution of Bichromate of Potassa, Dissolve about 2*5 grm. to 1 

litre. 

y. Solution of Protosulphate of Iron, Dissolve about 1*1 grm. iron 
wire in 20 c.c. dilute suljihuric acid (1 to 4), filter, and dilute to 1 litre. 

b, Solutim of Ferricyanide of Potassium. Should be tolerably dilute 
and freshly prepared. 

2. Determination of the Solutions. 

a. Belation between the Solution of Chnmiate and the Solution of Iron, 
JRun into a beaker 10 c.c. of the chromate solution from the burette^ 

* Pogo'. Annal. 95, 204. 

f Ih, 118, 17 ; and Zeituchr. f. aual. Chem. 2, 383. 

T 2 
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add 5 c.c. of hydrochloric acid and 60 c.c. water, and then add iron 
solution from a burette till the fluid is green. Continue addinff the 
iron solution, a c.c. at a time, testing after each addition whetner a 
drop of the fluid, when brought in contact with a drop of the ferri- 
cyanide of potassium, on a porcelain plate, manifests a distinct protoxide 
of iron reaction. As soon as this point is attained, add *6 c.c. of 
chromate solution and then iron solution two drops at a time, till the 
blue reaction just occurs. Now read olF both burettes, and calculate 
how much chromate solution corresponds to 10 c.c. of iron solution. 
This experiment is to be rej)eated before every fresh series of analyses, 
as the iron solution gradually oxidizes. 

/3. liclation hctwirn the Chramate Solutim and the Solution of Arsenious 
AcuL Transfer 10 c.c. of the arsenic solution to a beaker, add 20 c.c. 
hydrochloric acid of 1*2 sp. gr., and 80 — 100 c.c.* water, run in 
cfiromate solution till the yellow color of the fluid shows an excess, 
w’ait a few’ minutes, add excess of iron solution, then again *6 chromate 
solution, and finally again iron solution till the end-reaction appears 
(see above). Deduct from the total quantity of chromate solution 
employed, the amount corresponding to the iron used, and from the 
datum thus afforded calculate how much teroxide of antimony cor- 
responds to 100 c.c. of chromate solution ; in other words, how much 
SbO, is converted by the quantity of chromate mentioned into SbO^. 

3. The actual Analysis. 

In the absence of organic matter, heavy metallic oxides, and other 
bodies which are detrimental to the reaction, dissolve the substance 
containing teroxide of antimony, at once in hydrochloric acid. The 
solution should contain not less than \ of its volume of hydrochloric acid 
of 1*12 sp. gr. It is not advisable, on the other hand, that it should 
contain more than otherwise the end-reaction with ferricyanide of 
potassium is slow^er in making its a})pearance and loses its nicety. 
Tartaric acid cannot be employed as a solvent, since it interferes with, 
the action of chromic acid on protoxide of iron. Now proceed as 
directed in 2. If the direct determination of the hydrochloric acid 
solution is not prai^ticable, precipitate it with sulj>huretted hydrogen. 
Wash the precipitate, transfer it, together with the filter, to a small 
fla.-^k ; treat it with a sufliciency of hydrochloric acid, dissolve by 
digestion on the water-bath, add a sufficient quantity of a nearly 
saturated solution of chloride of mercury in hydrochloric acid of 1*]2 
sp. gr. to remove the sulphuretted hydrogen, and then proceed as 
directed. 

II. Titration with Permanganate of Potash. 

Here also the fluid must contain at least ^ of its volume of hydro- 
chloric acid of 1-12 sp. gr. The permanganate solution, which may 
contain about 1*6 grm. of the crystallized salt in a litre, is added to 
permanent reddening. The end-reaction is exact, and the oxidation of 
the teroxide of antimony to antimonic acid goes on uniformly, although 
tlie degree of dilution may vary, provided the above relation between 
hydrochloric acid and water is Kept up. It is not well that the hydro- 
chloric acid should exceed ^ of the volume of the fluid, as in that case 

* The water must be measured, fur the action of chromic acid on arsenious acid 
(and also ou teroxide of antimony) is nonnal only if the fluid contains at least one- 
sixth of its volume of hydrochloric acid of 1*12 sp. gr. 
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the end- reaction would be too transitory. Tartaric acid, at least in the 
proportion to teroxide of antimony in which it exists it tartar emetic, 
does not interfere with the reaction. Hence the permang’anate may be 
standardized by the aid of solution of tartar emetic of known strength. 

If you have to analyse sulphide of antimony, proceed as directed 
I, 3 ; make the fluid mixed with chloride of mercury up to a certain 
volume, allow to settle, and use a measured portion of the perfectly clear 
solution for the experiment. 

My own experiments* have shown that Kessler’s methods are 
also suitable for the estimation of very small quantities of antimony. 

c, Yolumetric Estimation by determining the Sulphuretted Hydrogen given 
tip by the Sulphide (R. ScHNEiDERf). 

Both tersulphide and pentasulphide yield under the action of boiling- 
hydrochloric acid 3 eq. of sulphuretted hydrogen for every 1 eq. of 
antimony. Hence, if the amount of the gas evolved under such 
circumstances is estimated, the amount of antimony is known. 

For decomposing the sulphide and absorbing the gas the same 
apparatus serves as Bunsen employs for his iodimetric analyses 
(f 130). The size of the boiling flask should depend on the quantity 
of sulphide; for quantities up to '4 grm. SbS^, a flask of 100 c.c. is 
laro-e enough ; for *4 — 1 grm., use a §00 c.c. flask. The body of the 
fla^ should be spherical, the neck rather narrow, long, and cylindrical. 
If the sulphide of antimony is on a filter, put both together into the 
flask. The hydrochloric acid should not be too concentrated. 

The determination of the sulphuretted hydrogen is best conducted 
according to the method given in § 148, b. The results obtained by 
Schneider are satisfactory. If the precipitate contains chloride of 
antimony, the results are of course false, and this would actually be the 
case if on precipitation with sulphuretted hydrogen the addition of the 
tartaric acid were omitted. 

§126. 

4. Protoxide of Tin, and 5. Binoxide of Tin. 

a. Solution, 

In dissolving compounds of tin soluble in water, a little hydrochloric 
acid is added to insure a clear solution. Nearly all the compounds of 
tin insoluble in water dissolve in hydrochloric acid or in aqua regia. 
The hydrate of metastannic acid may be dissolved by boiling with hydro- 
chloric acid, decanting the fluid, and treating the residue with a large 
proportion of water. Ignited binoxide of tin, and comj)ounds of the 
oinoxide insoluble in acids, are prepared for solution in hydrochloric 
acid, by reducing them to the state of a fine powder, and fusing- in a 
silver crucible with hydrate of potassa, or soda, in excess. Metallic tin 
is dissolved best in aqua regia ; the solution frequently contains ineta- 
stannic chloride mixed with the bichloride of tin (Th. ScheererI). It 
is generally determined, however, by converting it into binoxide, with- 
out previous solution. Acid solutions of binoxide of tin, which con- 
tain hydrochloric acid, or a chloride, cannot be concentrated by evapo- 
ration, not even after addition of nitric acid or sulphuric acid, without 
volatilization of bichloride of tin taking place. 

* Zeitsohr. f. anal. Chem. 8, 155. f Fogg. Annal. 110, 634. 

t Journ. f. prakt. Chem. N, F, 3, 472, 
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h. Determination, 

Tin is weighed in the form of Unoxido, into which it is converted, 
either by the agency of nitric acid, or hj precipitation as hydrated 
binoxide, or by precipitation as sulphide. A great many volumetric 
methods of estimating tin have been proposed. They all depend on 
obtaining the tin in solution in the condition of protochloride, and con- 
verting this into bichloride either in alkaline or acid solution. A few 
only yield satisfactory results. 

W e may convert into 

Binoxide of tin : 

By th(‘ ayency of nitric acid. Metallic tin, and those compounds of 
tin which contain no fixed acid, provided no compounds of chlorine be 
j>resent. 

b. By Prccipitntioa as hydrated binoxide. All compounds of tin con- 
taining volatile acids, provided no non-volatile organic substances nor 
sesquioxide of iron be present. 

c. By Precipitation as sulphide. All compounds of tin without ex- 
ception. 

In methods a and c, it is quite indifferent whether the tin is present 
in the state of protoxide or in that of binoxide. The method b requires 
the tin to be present in the state of binoxide. The volumetric methods 
ma}" be employed in all cases ; but the estimation is simple and direct 
only where the tin is in solution as protochloride and free from other 
oxidizable bodies, or can readily be brought into this slate. For the 
methods of determining the protoxide and binoxide in presence of each 
other, I refer to Section V. 

1. Detvnninntioa of Tin as Binoaidc, 

a. By Treutiny with nitric acid. 

This method is resorted to principally to convert the metallic tin 
nto binoxide. For this ])urpose the finely-divided metal is put into a 
capacious fiask, and moderately concentrated pure nitric acid (about 
I'd sp. gr.) gradually poured over it; the fiask is covered with a watch 
glass. When the first tumultuous action of the acid has somewhat 
abated, a gentle heat is applied until the inetastannic hydrate formed 
appears of a pure white color, and further action of tlie acid is no 
longer perceptible. The contents of the fiask are then transferred to a 
porcelain dish and evaporated on a water- bath nearly to dryness, water 
IS then added, and the precipitate is collected on a filter, washed, till 
the washings scarcely redden litmus paper, dried, ignited, and weighed. 
The ignition is effected best in a small porcelain crucible, according to 
§ 53 ; still a platinum crucible may also be used. A simple red heat is 
not sufficient to drive off all the water ; the ignition must therefore be 
finished over a gas blowpipe. Compounds of tin which contain no 
fixed substances may be converted into binoxide by treating them 
in a porcelain crucible with nitric acid, evaporating to dryness, and 
igniting the residue. If sulphuric acid be present, the expulsion of 
tiiat acid may be jiromoted, in the last stages of the process, by carbonate 
of ammonia, as in the case of bisulphate of potassa (§ 97) ; here also 
the heat must be increased as much as possible at the end. For 
the properties of the residue, see § 91. There are no inherent sources 
of error. 
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h. By Precipitation as hydrate of hinoxide. 

The application of this method presupposes the whole of the tin to be 
present in the state of hinoxide or bichloride. Therefore, if a solution 
contains protoxide, either mix with chlorine water, or conduct chlorine 
^as into it, or heat gently with chlorate of potassa, until the conversion 
of the protoxide into hinoxide is effected. When this has been done, 
add ammonia until a permanent precipitate just begins to form, and then 
hydrochloric acid, drop by drop, until this precipitate is completely re- 
dissolved ; by this means a large excess of hydrochloric acid in the 
solution will be avoided. Add to the fluid so prepared a concentrated 
solution of nitrate of ammonia (or suljihate of soda), and apjily heat for 
some time, whereupon the whole of the tin will precipitate as hydrate of 
hinoxide. Decant three times on to a filter, then collect the precijutate 
on the latter, wash thoroughly, dry, and ignite. To make quite sure 
that the whole of the tin has separated, you need simply, before proceed- < 
mg to filter, add a few drops of the clear supernatant fluid to a hot 
solution of nitrate of ammonia, or sulphate of soda, when the formation 
or non-formation of a precijiitate will at once decide the question. The 
tin is also precijiitated from metastannic chloride by the above reagents. 

This method, which we owe to J. Lowenthal, has been repeatedly 
tested by him in my own laboratory,* is easy and convenient, and gives 
very accurate results. The decomjiosition is expressed by the equation, 
8nCl, + -f 2HO - SnO, + ‘JJNH.Cl + 2(NO.,HO), or in pre- 

cipitating with sulphate of soda : ^nCl^ + 4:(Na0,80J + 2H0 = SnO^ -f 
2iN aCl + 2(iVaO,HO,2Scg. 

Tin may also, according to H. Rose,! be completely precipitated 
from solutions of the hinoxide or bichloride, by sulphuric acid. If the 
solution contains metastannic acid or inetachloride of tin, the precipita- 
tion is effected without extraordinary dilution ; on the other hand, if it 
contains the other modifications of the hinoxide or bichloride, very 
considerable dilution is necessary. If free hydrochloric acid is absent, 
the precipitation is rajnd; in oilier cases 12 or 24 hours at least are 
re(|uired for jierfect precqntation. Allow to settle thoroughly, before 
filtering, wash well (if hydrochloric acid was present, till the washings 
give no turbidity with nitrate of silver), dry and ignite, at last intensely 
with addition of some carbonate of ammonia. The results obtained by 
Oesten, and communicated by H. Rose, are exact. 

a. By Precipitation as Protosulphide or Bisulphide of Tin, 

Precipitate the dilute moderately acid solution with sulphuretted 
hydrogen water or gas. If the tin was present in the solution in the 
form of protoxide, and the precipitate consists accordingly of the brown 
]>rotosulphide, keep the solution, supersaturated with sulphuretted hy- 
drogen, standing for half an hour in a moderately warm place, and then 
filter. If, on the other hand, the solution contain a salt of hinoxide of 
tin or metastannic oxide, and the precipitate is yellow and consists of 
bisulphide mixed with hinoxide, or yellowish brown and consists of 
hydrated metastannic sulphide mixed with metastannic acid (Barfoed, 
p. 155, Th. ScheererI), put the fluid, loosely covered, in a warm place, 
until the odor of sulphuretted hydrogen has nearly gone oft, and 
then filter. The washing of the bisulphide of tin precipitate which has 

* Joum. f. prakt. Chem. 56, 366, t Pogg. Annal 112, 164. 

X Jourii. 1. prakt. Chem. N. P. 3, 472. 
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a great inclination to pass through the filter, is best effected with a con- 
centrated solution of chloride of sodium, the remains of the latter being 
got rid of bjr a solution of acetate of ammonia containing a small excess 
of acetic acid. If there is no objection to having the latter salt in the 
filtrate, the washing may be entirely effected by its means (Bunsen* * * § ). 
Transfer the dry precipitate as completely as possible to a watch glass, 
burn the filter carefully in a weighed porcelain crucible, moisten the 
ash with nitric acid, ignite, allow to cool, add the precipitate, cover 
the crucible, heat gently for some time (slight decrepitation often 
occurs), remove the lid and heat gently with access of air, till sulphu- 
rous acid has almost ceased to be tonned. (If too much heat is applied 
at first, bisulphide of tin volatilizes, the fumes of which give binoxide.) 
Now heat strongly, allow to cool, and heat repeatedly with pieces of 
carbonate of ammonia to a high degree, to drive out the last portions 
^of sulphuric acid. When the weight remains constant the experiment 
*is ended (H. Rose). For the properties of the precipitates, see § 91. 
The results are accurate. 

2. Volumetric Methods, 

The determination of tin by the conversion of the proto- into bichlo- 
ride with the aid of oxidizing agents (bichromate of potassa, iodine, 
permanganate of potassa, &c.) offers peculiar difficulties, inasmuch as 
on the one hand the protochloride of tin takes up oxygen from the air 
and from the water used for dilution, with more or less rapidity, accord- 
ing to circumstances; and on the other hand, the energy of the 
oxidizing agent is not always the same, being influenced by the state 
of dilution and the presence of a larger or smaller excess of acid. 

In the following methods, these sources of error are avoided or 
limited in such a manner as to render the results satisfactory. 

1. JSstimatian of Protochloride of Tin by Iodine in Alkaline 
Solution («/iJ^LENSSENt). 

Dissolve the protosalt of tin or the metallic tint in hydrochloric acid 
(preferably^ in a stream of carbonic acid), add Rochelle salt, then bicar- 
bonate of soda in excess. To the clear slightly alkaline solution thus 
formed add some starch-solution, and afterwards the iodine solution of 
§ 146, till a permanent blue coloration appears. 1 eq. free iodine used 
corresponds to 1 eq. tin. 

Lenssen’s results are entirely satisfactory. 

2. Estimation of Protochloride of Tin^ after addition of 
Sesquichloride of Iron. 

The fact that protochloride of tin in acid solution can be far more 
accurately oxidized by oxidizing agents after being mixed with sesqui- 
chloride of iron (or even with chloride of copper) than without this 
addition, was first settled by LdWENTHAL.§ Subsequently Stromeyer|| 

* Annal. d. Chem. u. Pharin. 106, 18. 

+ Jonrn. f. prakt. Chem. 78, 200 ; Annal. d. Chem. u. Pbarm. 114, 118. 

It The solution of metallic tin is much assisted by the presence of platinum foil, 
which is accordingly added. Lenbsbn found this addition of platinum to be objec- 
tionable ; but DO oUier experimenter has observed that it interferes with the accuracy 
of the results. 

§ Joum. f. prakt. Chem. 76, 484. 

U Annal. d. Chem. u. Pharm. 117, 261. 
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published some experiments leading to the same results, together with 
practical remarks on the best way of carrying out the method in diffe- 
rent cases. The processes thus originated, and which have been well 
tested, are as follows : — 

a. The given substance is a proto-salt of tin. Dissolve in pure 
sesquichloride of iron (free from protochloride) with addition of hydro- 
chloric acid, dilute and add standard permanganate from the burette. 
Now make another experiment with the same quantity of water simi- 
larly colored with sesquichloride of iron to ascertain how much per- 
manganate is required to tinge the liquid, and subtract the quantity so 
used from the amount employed in the actual analysis, and from the 
remainder calculate the tin. 

The reaction between the tin salt and the iron solution is SnCl + 
Fe^Clg = SnCljj + UFeCl. The solution thus contains protochloride of 
iron in the place of proto -salt of tin, the former being, as is well 
known, far less susceptible of alteration from the action of free 
oxygen than the latter. 2 eq. iron found corresponds to 1 eq. tin. 
It must not be forgotten that the titration takes place in presence of 
hydrochloric acid, see p. 219, y. The results cannot be considered 
accurate unless the standardizing of the permanganate and the 
analysis take place under similar conditions as regards dilution and 
amount of hydrochloric acid. 

b. The given substance is metallic tin. Either dissolve in hydro- 
chloric acid — preferably with addition of platinum and in an atmosphere 
of carbonic acid — and treat the solution according to a, or place the 
substance at once in a concentrated solution of sesquichloride of iron, 
mixed with a little hydrochloric acid ; under these circumstances it will, 
if finely divided, dissolve quickly even in the cold and without evolution 
of hydrogen. (Jentle warming is unobjectionable. Now add the 
j)ermanganate. The reaction is Sn + 2Fe2Cl3 = SnCl,, + 4FeCl, there- 
fore every 4 eq. iron found reduced corres])ond to 1 eq. tin. The 
results are of course only correct when iron is not present. Where this 
is the case, proceed with the impure tin sol ution according to c, 

c. The given substance is bichloride of tin, or binoxide of tin, or a 
compound of tin containing iron. Dissolve in water with addition of 
hydrochloric acid, place a plate of zinc in the solution and allow to 
stand twelve hours, then remove the precipitated tin with a paint- 
brush, wash it, dissolve in sesquichloride of iron, and proceed as in b. 

d. The given substance is pure bisulphide of tin, precipitated out 
of an acid solution of binoxide free from protoxide. Mix with sesqui- 
chloride of iron, heat gently, filter off the sulphur, and then add the 
permanganate. 4 eq. iron correspond to 1 eq. tin, for SnS, -i- GFe^Clj = 
iSnClj, 4FeCl + 2S. The results obtained by Strom ever are quite 
satisfactory. As regards the precipitated sulphide of tin, see Barfoed, 
p. 155. 


§ 127. 

6. Arsenious Acid, and 7. Arsenic Acid. 
a. Solution, 

The compounds of arsenious and arsenic acids which are not soluble 
in water are dissolved in hydrochloric acid or in nitrohydrochloric 
acid. Some native arseniates require fusing with carbonate of soda. 
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Metallic arsenic, sulphide of arsenic, and metallic arsenides are dis- 
solved in fuming*’ nitric acid or nilrohydrochloric acid, or a solution of 
bromine in hydrochloric acid ; those metallic arsenides which are in- 
soluble in these menstrua are fused with carbonate of soda and nitrate 
of potassa, by which means they are converted into soluble arseniates 
of tlie alkalies and insoluble metallic oxides, or they may be sus])ended 
in potassa solution and treated with chlorine (§ 104, B, ?). In this last 
manner too, suij)hide of arsenic, dissolved in concentrated potassa, may 
be very easily rendered soluble. All solutions of compounds of arsenic 
which have been effected by lonj»- heatinu' with funiin‘>- nitric acid, or 
by warming* wuth excess of nitrohydrocliloric acid, or chlorine, contain 
arsenic aciu. A solution of arsenious acid in hydrochloric acid cannot 
be concentrated by evaporation, since chloride of arsenic would escape 
with the hydrochloric acid fumes. This, however, less readily takes 
place if the solution contains arsenic acid ; m fact, it only occurs in 
the presence of a larg-e projiortion of hydrochloric acid (for instance, 
half the volume of hydroclilorie acid of 1T*2 sp. j^r.*). It is therefore 
advisable in most cases where a hydrochloric acid solution containing’ 
arsenic is to be concentrated, previousl}'^ to render the same alkaline. 

K Determimtion. 

Arsenic is weighed as arsemale of Ivady as arsmiate of mafpivaia ami 
ammonia^ as arsmiute of viuffucsia^ as ammatc of uranium^ or as turbulphide 
(f arsenic. The determination as arseniute of magnesia and animorna 
is sometimes preceded by precijutation as arsenio-inolybdate of am- 
monia. The method recommended by Berth ieu and moditied by 
V. Kobell of se])arating the arsenic as basic arseniate of iron is only 
used in separations. Arsenic may be estimated also in an indirect 
and by volumetric methods. 

We may convert into 

1. Arseniate of lead : Arsenious and arsenic acids in aqueous 
or nitric acid solution, (Acids or halogens forming fixed salts with 
lead, and also ammonia salts, must not be })resent.) 

2. Arseniate of magnesia and ammonia, or arseniate 
OF magnesia : 

a. By direct Brecipitatum, Arsenic acid m all solutions free from 
bases or acido precipitable by magnesia or ammonia. 

h. Brecedid hy Brecipitation as arbc nut- molybdate (f ammonia. Arsenic 
acid in all cases where no jdiosiihoric acid is present, little or no 
hydrochloric acid, nor any substance which decomposes molybdic acid. 

3. Arseniate of uranium : Arsenic acid in all combinations 
soluble in w ater and acetic acid. 

4. Tersulfiiide of arsenic: All compounds of arsenic without 
exception. 

Arsenic may be determined volumetrically in a simple and exact 
manner, whether present in the form of arsenious acid or an alkaline 
arsenite, or us arsenic acid or an alkaline arseniate. The volumetric 
methods have now almost entirely superseded the indirect gravimetric 
methods formerly employed to effect the estimation of arsenious acid. 


* ZeitscUi'. anal. Chem. 1, 448* 
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1 . DcterminaUm as ArseiUate of Lead. 

a. Arsenic Acid in Aqueous Solution, 

A weighed portion of the solution is put into a platinum or porcelain 
dish, and a weighed amount of recently ignited pure oxide of lead 
added (about five or six times the supposed quantity of arsenic acid 
present); the mixture is cautiously evaporated to dryness, and the 
residue heated to gentle redness, and maintained some time at this 
temperature. The residue is arseniate of lead + oxide of lead. The 
quantity of arsenic acid is now readily found by subtracting from the 
weight of the residue that of the oxide of lead added. For the pro- 
perties of arseniate of lead, see § 92. The results are accurate, 
provided the residue be not heated beyond gentle redness. 

h, Arsenit/ns Acid in Solution, 

Mix the solution with nitric acid, evaporate to a small bulk, add aT 
weighed quantity of oxide of lead in excess, evaporate to dryness, and 
ignite the residue most cautiously in a covered crucible, until the whole 
of the nitrate of lead is decomj)Osed. The residue consists here also of 
arsenic acid + oxide of lead. This method requires considerable care to 
guard against loss by decrepitation ujion ignition of the nitrate of lead. 

2. Estimation as Arseniate of Magnesia and Amnmiia^ or Arseniate of 
Magnesia, 

a. By Direct Precipitation, 

This method, which was first recommended by Levol, presupposes 
the whole of the arsenic in the form of arsenic acid. Where this is 
not the case, the solution is gently heated, in a capacious flask, with 
hydrochloric acid, and chlorate of potassa added in small portions, 
until the fluid emits a strong smell of chlorous acid ; it is then allowed 
to stand at a gentle heat until the odor of this gas is nearly gone ofl‘. 

The arsenic acid solution is now mixed with ammonia in excess, 
which must not produce turbidity, even after standing some time ; 
magnesia mixture is then added (§ 02, C). The fluid, which smells 
strongly of ammonia, is allowed to stand 24 or 48 hours in the cold 
well covered and then filtered through a weighed filter. The jirecipitate 
is then transferred to the filter, with the aid of portions of the filtrate 
so as to use no more washing water than necessary, and washed with 
small quantities of a mixture of three parts water and one part am- 
monia, till the washings on being mixed with nitric acid and nitrate of 
silver show no opalescence. The precipitate is dried at 102° to 103°, 
and weighed. It has the formula 2MgO,]NH 0,AsOg + aq.* As the 
drying of arseniate of ammonia and magnesia till its weight is constant 
requires much time and rej)eated weig'hings, it is a great advantage 
that we can now convert it without loss of arsenic into arseniate of 
magnesia (2MgO,AsOJ, thanks to the researches of H. KosE,t 
WiTTSTEiNt and Puller.§ For this purpose first transfer the dried 
precipitate as completely as possible to a watch-glass, saturate the 
filter with a solution of nitrate of ammonia, dry and burn it cautiously 

* If it is dri6d in a water-bath, the drying must be extremely prolonged, or other- 
wise more than 1 aq. will be left. After brief diying in the water- bath tlie compound 
contains between 1 and 8 eq. water. If it is dried between 105® and 110®, part of 
the 1 eq. water is lost. 

t His Handbuch der anal. Chem. 6 Aufl. 2, 890. 
i Zeitschr. f. anal. Chem. 2, 19. § 10, 63. 
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in a porcelain crucible. After cooling, transfer the precipitate to the 
crucible, heat in an air-bath to about 130°, continue heating for 2 hours 
on a sand-bath, then heat for an hour or two on an iron pate a little 
more strongly, and when the ammonia has been thus entirely expelled 
iraite strongly for some time over the lamp. The process may be 
shortened by conducting the heating in a Rose’s crucible in a slow cur- 
rent of oxygen. The ammonia may tnen be driven off in 10 minutes, and 
after the precipitate has been at last strongly heated it will be ready to 
weigh. For the properties of the arseniate of ammonia and magnesia 
and the arseniate of magnesia, see § 92. The method yields satisfactory 
results, since the small loss of precipitate dissolved in the filtrate and 
washings is counterbalanced by the presence of a trace of basic sulphate 
of magnesia (Puller). Puller with a quantity of *37 grm. arseniate 
of magnesia and ammonia lost only a fraction of a milligramme ; on 
the addition of a large proportion of chloride of ammonium the loss rose 
to about *002 grm. The correction for the solubility of the precipitate 
in the ammoniacal filtrate containing excess of magnesia mixture 
is *001 grm. of 2MgO,NH^O,AsOg + aq. for 30 c.c. 

h. Preceded hy Precijntation as Arsenio-TnolyMate of Ammonia, 

Mix the acid solution, which must be free from phosphoric and silicic 
acids, with an excess of solution of molybdate of ammonia. The 
molybdate of ammonia solution should have been previouslv mixed 
with nitric acid m excess, and the ’whole process is conducted exactly 
as in the case of phosphoric acid — see § 134, jS. After dissolving the 
arsenio-molybdate in ammonia, neutralize the latter partially with 
hydrochloric acid. Treat the arseniate of magnesia and ammonia as in 
a. Results satisfactory. 

3. Estimation as Arseniate of Uranium, 

This method was first proposed by Wert her.* It has been 
carefully studied by Puller! in my laboratory and gives thoroughly 
satisfactory results. Mix the arsenic acid solution with potash or 
ammonia in excess and then a good excess of acetic acid. (It a preci- 
pitate of arseniate of iron or alumina here remains insoluble the 
method would be inapplicable.) Add acetate of uranium in excess and 
boil. Wash the slimy precipitate of ar»eniate of uranium or arseniate 
of uranium and ammonia by decantation with boiling water and then 
transfer to a filter. The addition of a few drops of chloroform to the 
partly cool fluid will hasten the deposition of the precipitate. Dry, 
transfer the precipitate to a watch-glass, cleaning the filter as much as 
possible, saturate the latter with nitrate of ammonia, dry it, incinerate 
in a porcelain crucible, and add the precipitate. If the precipitate 
contains ammonia, heat very cautiously, finally adding nitric acid, or 
ignite in oxygen. (See 2, a,) If the precipitate is free from ammonia, 
ignite in the ordinary way. Ammonia salts do not interfere. Pro- 
perties of the precipitate and residue, § 92, e. 

4. Estimation as Tersulphide of Arsenic, 

a. In solutions of Arsenious Add or Arsenites free from Arsenic Add. 

The solution should be strongly acid with hycLrochloric acid. Pre- 
cipitate with sulphuretted hydrogen and expel the excess with carbonic 

t Zeitscbr. f. analyt. Chem. 10, 72. 


Journ. f. prakt. Chem. 48, 340. 
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acid. Pass the latter throuffh the solution for an hour, a lonj 2 ^er time 
is useless. (See § 125, 1.) Wash the precipitate thoroughly and dry at 
100° till the weight is constant. Particles of the precipitate w'mch 
adhere so firmly to the glass that they cannot he removed mechanically 
are dissolved in ammonia and reprecipitated with hydrochloric acia. 
Properties of the precipitate, § 92. Do not omit to test a weighed 
portion to see whether it completely volatilizes on heating. If a residue 
remains it is to be weighed and the proportional quantit}’’ deducted 
from the total weight of the precipitate. Kesults accurate. 

If the solution contains any substance which decomposes sul- 
phuretted hydrogen, such as sesquichloride of iron, chromic acid, &c., 
the precipitate produced in the cold contains an admixture of finely 
divided sulphur. It should be collected in the same manner on a filter 
dried at 100° and weighed, washed and dried. Extract the admixed 
sulphur with purified bisulphide of carbon (which should leave no* 
residue on evaporation), continuing till the tiuid which runs through 
leaves no residue. Dry at 100° till the weight is constant. From 
experiments made in my laboratory it appears that the results thus 
obtained are quite accurate, even when the amount of admixed sulphur 
is large j but the preci])itation must have been effected in the cold. If 
on tne contrary heat is used, the sulphur is in the form of small 
agglutinated grains and cannot be completely extracted by cold 
bisulphide of carbon on the filter. However, it may be extracted by 
removing the precipitate from the filter and repeatedly digesting it 
with the bisulphide on a water-bath (Puller*). 

Instead of purifying the sulphide of arsenic you may estimate the 
arsenic in the mixture of the sulphide with sulphur as follows : — 
Dissolve the precipitate in strong potash, and pass chlorine into the 
solution (§ 148, 11. 2, b). The arsenic and the sulphur are converted 
into arsenic and sulphuric acid respectively ; the former may be 
estimated according to 2, a, or (he latter according to § 132. In the 
latter case, deduct the sulphur found from the weight of the arsenical 
precipitate. There is no loss of arsenic in this process from volatiliza- 
tion of the chloride, as the solution remains alkaline. The object may 
also be conveniently attained by the use of nitric acid. A very strong 
fuming acid, of 80° boiling point, is employed ; an acid of 1*42 sp, gr. 
which boils at a higher temperature does not answer the purpose, as the 
separated sulphur would fuse, and its oxidation would be much re- 
tarded. The well dried precipitate is shaken into a small porcelain 
dish, treated with a tolerably large excess of the fuming nitric acid, the 
dish immediately covered with a clock-glass, and as soon as the tur- 
bulence of the first action has somewhat abated, heated on a water- 
bath, till all the sulphur has disappeared, and the nitric acid has 
evaporated to a small volume. The filter to which the unremovable 
traces of sulphide of arsenic adhere is treated separately in the same 
manner, the complete destruction of the organic matter being finally 
effected by gently warming the somewhat dilute solution with chlorate 
ofpotassa (BuNSENf). Or the filter may instead be extracted with 
ammonia, the solution evaporated in a separate dish, and the residual 
tersulphide treated as above. In the mixed solution the arsenic acid is 
finally precipitated as arseniate of magnesia and ammonia (§ 127, 2 a), 

* Zeitschr. f. anal. Chem. 10, 46 et seq. 

*t Anual. d. Chem. u. Pharm. lOd, 10. 
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Treatment of the impure precipitate with ammonia, whereby the 
sulphide is dissolved, and the sulphur is supposed to remain behind, 
only gives approximate results, as the ammoniacal solution of ter- 
sulphiae of arsenic takes up a little sulphur. 

If, In solutions of Arsenic Acidy or of a mixture of the two Oxides of 
Arsenic, 

Heat the solution in a flask (preferably on an iron plate) to about 
70®, and conduct sulphuretted hydrogen at the same time into the fluid, 
as long as precipitation takes place. The precipitate formed is always 
a mixture of suljihur and tersulphide of arsenic, since the arsenic acid 
is first reduced to arsenious acia with separation of sulphur, and then 
the former is decomposed (H. Rose*). Only in the case when a sul- 
])hosalt containing pentasulphide of arsenic is decomposed with an acid, 
is the precipitate actually pentasulphide, and not merely a mixture of 
sulphur with tersulphide (A. Fucusf). To convert this mixture of 
tersulphide of arsenic and granular sulphur into pure tersulphide, 
suitable for weighing, treat it as follows : — Extract the washed and still 
moist precipitate on the filter with ammonia, wash the residual sulphur, 
precipitate the solution with hydrochloric acid without heat, filter, dry, 
extract with bisulphide of carbon, dry at 100 °, and weigh. Results 
accurate. The mixture of tersulphide of arsenic and sulphur obtained 
by hot j>recipitation may, of course, also be estimated directly or in- 
directly after one of the other methods in 4, a, 

6. Volumetric Methods, 

a. Methods which presuppose the presence of Arsenious Acid, 

1. Er. Mohr’s method.! This method is based upon the same 
principle as the one given for teroxide of antimony in § 125, y, «, i,e,y 
conversion of arsenious acid in alkaline solution into arsenic acid by 
solution of iodine (AsO^ + 2jVaO + 21 = AsO^. + 2]NaI). 

If, therefore, you have arsenious acid or an alkaline arsenite in 
aqueous solution, mix a weighed or measured quantity of the fluid, con- 
taining about *1 grm. AsO^^, with 20 c.c. of a saturated solution of 
bicarbonate of soda (purified by washing with water); add some starch- 
paste, then standard solution of iodine (§ 140), until the iodide of starch 
reaction just makes its appearance ; reckon for every 2 eq. iodide used 
1 eq. arsenious acid. If the solution of arsenious acid is acid, you 
must first neutralize it with pure carbonate of soda, if alkaline, with 
pure hydrochloric acid, before proceeding to add the bicarbonate of 
soda. Of course, the solution must contain no substances which act 
upon solution of iodine (^ 02 , 8302 ). The results are accurate, com- 
pare Expt. ]\o. 79, also Waitz.§ 

2. Kessler's method.|| This is based on the same principle as the 
method given for antimony, § 125, y, h, viz., upon the oxidation of the 
arsenious acid in hydrochloric solution to arsenic acid with bichromate 
of potash.lF The process is exactly similar. The results are only 

* Pogg. Annal. 107, 186. + Zeitscbr. f. anal. Chem. 1, 189. 

+ His Lehrbuch der Titrirmethode, 3 Aufl. 276. 

§ Zeitscbr. f. anal. Chem 10, 162. Waitz’s attempts to convert the arsenic in 
the tersulphide into alkaline arsenite were not successful. 

II Pogg. Annal. 9:., 204 ; 113, 134 ; 118, 17 ; Zeitscbr. f. anal. Chem. 2, 388. 

^ Peiinanganate of potash may also housed, excess being added, and the latter 
being estimate with iron. However, the permanganate should only be used for 
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jtrustwortliy wlien at least one-sixth of the volume of tlio Huid consists 
of hydrochloric acid of 1*12 sp. gr. However, the hydrochloric acid 
should not exceed half the volume of the fluid, or the end-reaction 
depending on the formation of ferricyanide of iron will be slower in 
making its appearance, and will lose its sharpness. 

If for any reason the direct titration of the hydrochloric solution is 
impracticable, precipitate with sulphuretted hydrogen (at 70'' in the 
y)resence of arsenic acid), wash the precipitate, transfer it with the 
Alter to a stoppered bottle, and treat with a nearly saturated solution 
of chloride of mercury in hydrochloric acid of 1*12 sp. gr., digest with 
the stopper Arrnly fixed at a gentle heat, till the precipitate has become 
white, dilute with a measured quantity of water (not allowing the pro- 
portion of hydrochloric acid to fall below one-sixth), add the bichromate, 
then the iron solution, and proceed generally according to § 125, 3, 
Itesults good. Compare also Waitz.* 

3. Bunsen’s method. f This method is based upon the following 
facts : — 

aa. If bichromate of yiotassa is boiled with concentrated hydro- 
chloric acid, 3 eq. chlorine are disengaged to every 2 eq. chromic acid 
(2Cr03 -4- OHGl - Cr,Cl3 + 3C1 + ()HO). 

hh. But if arsenious acid is present (not in excess) there is not the 
(juantity of chlorine disengaged corresponding to the chromic acid, but 
bo much les> ot that element as is re(piired t» convert the arsenious into 
arsenic acid (AsO,, + 2C1 4- 2HO = AsO^ 4- 2H(J1). Consequently, for 
every 2 e(|. chlorine wanting is to be reckoned 1 eq. arsenious acid. 

6*c. The <|uantity if chlorine is estimated by determining the quantity 
of iodine liberated by it from iodide of potassium. 

These are the principles of Bunsen’s method. For the manner of 
execution I refer to the Estimation of Chromic Acid. 

Z;. Method^ which 2 )resvirjmes the prcacnce of Arsenic Actd. 

^j’his method depends on the jirecipitation of the arsenic acid by 
uranium solution and the recognition of the end of the reaction by 
means of ferrocyanide of potassium. It is therefore the same as was 
suggested for pho^y)horic acid l>y Lecomte, and brought into use by 
!Neubauer,+ and afterwards by Pincus.§ 

Bodeker,!! who first enqiloyed the process for arsenic acid, re- 
commends the employment of a solution of nitrate of sesquioxide of 
uranium, as this is more permanent than the hitherto used acetate, 
wdiich is gradually decomposed by the action of light. 

The uranium solution has the correct degree of dilution, if it con- 
tains about 20 grin, sesquioxide of uranium in 1 litre. It should con- 
tain as little free acid as jiosMble. The determination of its value may 
be efitu ted with the aid of pure arseniate of soda or by means of 
arsenious acid, — the latter is converted into arsenic acid by boiling 
w’lth fuming nitric acid. The solution is rendered strongly alkaline 
with ammonia, and then distinctly acid with acetic acid. The uranium 
solution is now run in from the burette slowly, the liquid being well 
stirred all the w bile, till a drop of the mixture spread out on a porcelain 

sulphuric acid solutions of arsenious acid. Compare Waitz, Zeitschr. f. anal. Cheni. 
10, 174. 

♦ Zeitschr. f. anal. Chem. 10, 160. + Annal. d. Cheni. u. Pharm. 86, 290. 

:J: Archiv fur wisseuschaftliclie Heilkunde, 4, 22S. 

§ Journ. f. piakt. Cheni. 70, 104. U Annal. d. Cnem. u. Pharm. 117, 196. 
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plate, gives with a drop of ferrocyanide of potassium placed in its 
centre, a distinct reddish-brown line where the two fluids meet. The 
height of the fluid in the burette is ndw read off, the level of the 
mixture in the beaker is marked with a strip of gummed paper, and the 
beaker is emptied and washed, filled with water with admtion of about 
as much ammonia and acetic acid as was before employed, and the 
uranium solution is cautiously dropped in from the burette, till a drop 
taken out of the beaker and testea as above, gives an equally distinct 
reaction. The quantity of uranium solution used in this last experi- 
ment is the excess, which must be added to make the end-reaction 
plain for the dilution adopted. This amount is subtracted from that 
used in the first experiment, and we then know the exact value of the 
uranium solution with reference to arsenic acid. 

In an actual analysis, the arsenic is first brought into the form of 
^ arsenic acid, a clear solution is obtained containing acetate of ammonia 
and some free acetic acid,* and the process is conducted exactly as in 
determining the value of the standard solution. The ex})eriment to 
ascertain the correction must not be omitted here, otherwise errors are 
sure to arise from the different degrees of dilution of the arsenic acid 
solutions used in the determination of the value of the standard solu- 
tion and in the actual analyses. The results of two determinations of 
arsenic given by Bodekeii are satisfa(;tory. To execute the method 
well requires practice. The results are not exact enough unless the 
conditions as regards amount and quality of alkali salts are nearly 
similar in the standardizing of the uranium solution and in its use. 
Compare Waitz.I 

6. Estimation of Arseniom Acid hy Indirect Gravimetric Analysis, 

a, Rose’s method. Add to the hydrochloric acid solution, in the 
preparation of which care must be taken to exclude oxidizing substances, 
a solution of sodio- or ammonio-terchloride of gold in excess, and digest 
the mixture for several days, in the cold, or, in the case of dilute solu- 
tions, at a gentle warmth ; then weigh the separated gold as directed 
in § 123. Keep the filtrate to make quite sure that no more gold will 
separate. 2 eq. gold correspond to 3 eq. arsenious acid. 

h , Vohl’sI method. Mix the solution with a weighed quantity of 
bichromate of potassa, and free sulphuric acidj estimate the chromic 
acid still present by the method given in § 130, c, and deduce from the 
quantity of that acid consumed in the process, t.c., reduced by the arse- 
nious acid, the quantity of the latter, after the formula 3AsO, + 4CrO, 
= 3As0,-H2Cr,03. 

Supplement to the Sixth Group, 

§ 128. 

8. Molybdic Acid. 

Molybdic acid is converted, for the pur[)ose of its estimation, either 
into binoxide of molybdenum, or into molybdate of lead,- or into bisul- 
phide of molybdenum. 

a. Pure molybdic acid (MoO,), and also molybdate of ammonia, may 

* Alkalies, alkaline earths and oxide of zinc may be present, but not such metals 
as yi^-hl colore<l precipitates with fwrocyauicle of pota'^sium, as, for instance, copper, 
t Zeitsohr. f. aual. Uheui. 10, 182. X Annul, d. Chum. u. rharm. 94, 219. 
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be reduced to binoxide by heating* in a current of hydrog*en g'as. This 
may be done either in a porcelain boat, placed in a wide glass tube, or 
in a platinum or porcelain crucible with perforated cover (§ 108, fig. 79). 
The operation is continued till the weight remains constant. The tem- 
perature must not exceed a gentle redness, otherwise the binoxide itself 
might lose oxygen and become partially converted into metal. In the 
case of molybdate of ammonia the heat must be very low at first on 
account of the frothing. If you have a platinum tube it is safer to 
itruite the molybdic acid in this for 2 or 8 hours in a slow current of 
hydrogen, thus reducing it to the metallic state. When reducing to 
binoxide the contents of the crucible are frequently gray below, and 
brown above (Rammelsberg*). 

b. The following is the best method of precipitating molybdic acid 
from an alkaline solution. Dilute the solution, if necessary, neutralize 
the free alkali with nitric acid, and allow the carbonic acid, which may 
be liberated in the process, to escape, then add neutral nitrate of sub- 
oxide of mercury. Tlie yellow precipitate formed appears at first bulky, 
but after several hours’ standing it shrinks ; it is insoluble in the fluid, 
which contains an excess of nitrate of suboxide of mercury. Collect on 
a filter, and wash with a dilute solution of nitrate of suboxide of mer- 
cury, as it is slightly soluble in pure water. Dry, remove the precipi- 
tate as completely as practicable from the filter, and determine the 
molybdenum in it as directed in a (H. Rose) ; or mix the precipitate, 
together with the filter- ash, with a weighed quantity of ignited oxide 
of lead, and ignite until all the mercury is expelled ; then add some 
nitrate of ammonia, ignite again and weigh. The excess obtained, 
over and above the weight of the oxide of lead used, is molybdic acid 
(SELlGSOHNf). 

e. ChatarbI recommends estimating molybdic acid in the solution 
of its alkali salts by adding acetate of l(*ad in slight excess to the boil- 
ing solution and boiling for a few minutes. Tlie precipitate which is 
at first milky beconnvs granular, deposits well and may be easily washed 
wdth hot water. It is dried, removed from the filter as mucli as jKihSible, 
ignited and weighed as Pb0,Mo03. The method is only applicable for 
solutions of j?f/rr alkaline molybdates. 

d. The precijiitatioii of molybdenum as sulphide is always a difficult 
operation. If the acid solution is supersaturated with sulphuretted 
hydrogen, warmed, and filtered, the filtrate and washings are generally 
still colored. They must, accordingly, be warmed, and sulphuretted 
hydrogen again added, and the operation must afterwards, if necessary, 
be repeated until the washings appear almost colorless. The precipita- 
tion succeeds better when the sul])hide of mol^^bdenum is dissolved in 
a relatively Irrge excess of sul])hide of ammonium, and, after the fluid 
has acquired a reddish-yellow tint, precipitated with hydrochloric acid, 
Zenker§ advises then to boil, until the sulphuretted hydrogen is ex- 
pelled, and to wash with hot water, at first slightly acidified. To make 
quite sure that all the molybdenum is precipitated, treat the filtrate and 
washings again with suljihuretted hydro|j*en and allow to stand for 
some time. The brown sulphide of molybdenum is collected on a 
weighed filter, and the naolybdenum determined in an aliquot part of 

♦ Pogg. Annal 127, 281 ; Zeitschr. f anal. Chem. 5, 203. 

f Joum. f, prakt. Chem. 07, 472. t Sill. Amer. Joum. (3), 1, 416, 

§ Journ. f. prakt, Chem.'&S, 259. 
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it, by gentle ignition in a current of hydrogen gas, as in a. The 
brown sulphide of molybdenum changes in this process to the gray 
bisulphide (H. Rose). 

c. F. PiSANi* gives the following method for estimating molybdic 
acid volumetrically. Digest the molybdic acid with hydrochloric acid and 
zinc, dissolving any precipitate which may form from want of acid and 
also the excess of zinc. Convert the solution of sesquioxide of molyb- 
denum thus obtained into molybdic acid by standard permanganate of 
potash. The brown color of the solution turns first green, and then 
disappears. RammelsberoI confirms the statements of Pisani. 

II. DETERMINATION OF ACIDS IN COMPOUNDS CONTAINING 
ONLY ONE ACID, FREE OR COMBINED AND SEPARATION OF 
ACIDS FROM BASES. 


FIRST GROUP. 

First Division, 

Arsenious Acid — Arsenic Acid — Chromic Acid — (Selenious 
Acid, Sulphurous and Hyposulphurous Acids, Iodic Acid). 

§ 129. 

1. Arsenious AND Arsenic Acids. 

These have been already treated of among the bases (§ 127) on 
account of their behavior with sulphuretted hydrogen ; they are 
merely mentioned here to indicate the i)lace to which they properly 
belong. The methods of sej)arating them from the bases will be found 
in Section V. 

§ 130. 

2. Chromic Acid. 

I. Determination. 

Chromic acid is determined either as srsquioxide of chromium^ chro- 
mate o/leady or chroimite ofhariftn But it may be estimated also from 
the quantity of carbonic acid disengaged l)y its action ujxin oxalic acid 
in excess, and also by volumetric analysis. In employing the first 
method, it must be borne in mind that 1 eq. sesquioxide of chromium 
corresponds to 2 eq. chromic acid. 

a. Determination as Sesquioxide of Chromium,, 

a. The chromic acid is reduced to the state of sesquioxide, and the 
amount of the latter determined (§ lOfi). The reduction is effected 
either by heating the solution with hydrochloric acid and alcohol ; or 
bv mixing hydrochloric acid with tlie solution, and conducting sul- 
pturetted hydrogen into the mixture j or by adding a strong solution 
of sulphurous acid, and applying a gentle heat. With concentrated 
solutions the first method is generally resorted to, with dilute solutions 
one of the two latter. With respect to the first method, I have to 
remark that the alcohol must be expelled before the sesquioxide of 

* Compt. rend. 69, 801. 

f "Pogg, AnnaL 127, 281 ; Zeitsebr. f. anal. Chem. 6, 208. 
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chromium can be precipitated with ammonia ; and with respect to the 
second, that the solution supersaturated with sulphuretted hydrogen 
must be allowed to stand in a moderately warm place, until the 
separated sulphur has completely subsided. The results are accurate, 
unless the weighed precipitate contains silica and lime, which is always 
the case if the precipitation is effected in glass vessels. 

/8. The neutral or slightly acid (nitric acid) solution is precipitated 
with nitrate of suboxide of mercury, after lon^ standing the red preci- 
pitate of chromate of suboxide of mercury is filtered off, washed with a 
dilute solution of nitrate of suboxide of mercury, dried, ignited, and 
tlie residuary sesquioxide of chromium weighed (H. Rose). Results 
accurate. 

h. Determination as Chromate of Lead. 

The solution is mixed with acetate of soda in excess, and acetic acid 
added until the reaction is strongly acid ; the solution is then precipi- 
tated with neutral acetate of lead. The washed precijutate is either 
collected on a weighed filter, dried in the w ater-bath, and weighed ; 
or it is gently ignited as directed § 53, and then weighed. For the 
properties of the precipitate, see § 93, 2. Results accurate. 

c. Determination as Chromate of Baryta, 

Mix the solution of the alkaline chromate with acetic acid to 
moderately acid reaction, add chloride of barium in sbght excess, allow 
the fine precipitate twelve hours to subside, wash with acetate of am- 
monia as far as possible by decantation, dis])lace the acetate of ammonia 
by solution of nitrate of ammonia (or the chromic acid may be partially 
reduced on igniting), dry, remove as much as jiossible from the filter, 
and ignite gently. Properties of the preci[>itate, § 93, 2, e (H. Rose, 
Pearson*). The test analyses given by Pearson are satisfactory. 

d. Deterniinafion hy means of O.raJic Acid (after Voiil). 

When chromic acid and oxalic acid are brought together, the former 
yields oxyg^en to the latter : sesijuioxide of chromium is formed, and 
carbonic acid escapes (2(^0^ + = Cr^O^ + OCCbJ. Three eq. car- 

bonic acid (00) corresjiond accordingly to one eq. chromic acid (50*24). 
The process is the same as in the analysis of manganese ores (§ 230). 1 
part of chromic acid requires 2^ parts of oxalate of soda. If it is in- 
tended to determine in the residue the alkali which was combined with 
the chromic acid, oxalate of ammonia is used. 

e. Determination hy Volumetric Analysis. 

a. Schwarz’s method. 

The principle of this very accurate method is identical with that 
mon which Penny’s method of determining iron is based (§ 112, 2, b). 
The execution is simple : acidify the not too dilute solution of the 
chromate with sulphuric acid, add in excess a measured quantity of 
solution of protoxide of iron, the strength of which you have jireviously 
ascertained, according to the directions of § 112, 2, «, or by or the 
solution of a weighed quantity of sulphate of iron and ammonia, free 
from sesquioxide, and then determine in tlie manner directed 
§ 112, 2, a, or the quantity of protoxide of iron remaining. The 

* Amer. Joum of Science (2), 45, 298 ; Zeitfthr. f. anal. Chem. 9, 108. 
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difference shows the amount of iron that ha^ been converted by the 
chromic acid from the state of protoxide to that of sesquioxide. 1 g*rm. 
of iron corresponds to 0‘5981 of chromic acid. To determine the 
chromic acid in chromate of lead, the latter is, after addition of the 
sulphate of protoxide of iron and ammonia, most thoroufi^hly triturated 
with hydrochloric acid, water added, and the analysis then proceeded 
with. 

{i. Bunsen’s method.* 

If a chromate is boiled with an excess of fuming- hydrochloric 
acid, there are diseng-aged for every 2 eq. chromic acid 3 eq. chlorine ; 
for instance, KO,L>( VO, + 7IICU KCl + Cr,Cl 3 + ?HO + 3C1. If the 
escaping gas is conducted into solution of iodide of potassium in excess, 
the 3 e(j. chlorine set free 3 eq. iodine. By determining the quantity 
of the latter element in the manner described in § 140, we find the 
(]uantity of the chromic acid; 380*55 of iodine corresponding to 100*48 
of chromic acid. 

The analytical process is conducted as follows : — Put the weighed 
sample of the chromate (say *3 to *4 grin.) into the little flask d, fig. 85 
(blo^^n before the lamp, and holding only from 30 to 40 c.c.), and fill 

the flask two-thirds with 
pure fuming hydrochloric 
acid (free from (d and SO^), 
addacomjiact lump of mag- 
nesite, to k(‘ep up a con- 
stant current of gas and 
prevent the fluid from re- 
ceding. Connect the bulbed 
evolution tube a with the 
nock of the flask by means 
of a stout india-rubber rube 
c. As showm in the engrav- 
Fig. 85. ing, a is a bent pipette, 

drawn out, at the low^er 
end, into an upturned point. A loss of chlorine need not be appre- 
hended on adding the hydrochloric acid, as the disengagement of that 
gas begins only upon the apphv.nion of heat. Insert the evolution 
tube into the neck of the retort, wdiich is one-third filled wdth solu- 
tion of iodido of potassium.! This retort holds about 100 c.c. The 
neck piesents two small expansions, blown before the lamp, and in- 
tended, the lower one, to receive the liquid which is forced up during 
the o])eration, the iijiper one, to serve as an additional guard against 
S]>irting. Apply heat now, cautiously, to the little flask. After twu) 
or three minut(‘s’ ebullition, the wdiole of the chlorine has passed over, 
and liberated its equivalent quantity of iodine in the iodide of potassium 
solution. \^'hen the ebullition is at an end, take hold of the caoutchouc 
tube e with the left hand, and, whilst steadily holding the lamp under 
the flask with th^ right, lift a so far out of the retort that the curved 
point is in tlie bulb b. ]\ ow remove first the lamp, then the flask, dip the 
retort in cold water to cool it, and shake the fluid in it about to effect 

* Annal. d. Chem. u. Pharm. 86, 279. 

+ 1 part of pure iodide of potaf>sium, free from iodic acid, dissolved in 10 parts of 
water. The fluid must show no brown tint immediately after addition of dilute sul- 
phuric acid. 
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the complete solution of the separated iodine in the excess of iodide of 
potassium solution. When tae fluid is quite cold, transfer it to a 
beaker, rinsing the retort into the beaker, and proceed as directed 
§ 146. The method g’ives very satisfactory results. The apparatus 
here recommended differs slig'htly from that used by Bunsen, the 
retort of the latter having only one bulb in the neck, and the evolution 
tube no bulb, being- closed instead, at the lower end, by a glass or 
caoutchouc valve, which })ermits the exit of the gas from the tube, but 
opposes the entrance of the fluid into it. I think the modifications 
which I have made in Bunsen’s apparatus are calculated to facilitate 
the success of the operation. Instead of this apparatus that described 
§ 142 may also be very conveniently used. 

y. There is a method by Rube* depending on the reaction : 2CrO 
-f 6K/Jfy + 6HC1 - 3KC1 + Or^Cl, + 3K3Cfdy + 6HO. Also one by ZulI 
KowsKvf which depends on the estimation of the iodine separated 
directly by chromic acid — i.e, without distillation ) the process is exactly 
similar to that given p., 227, )3. 

II. Separation of Chromic Acid from the Bases. 
a . Of the First Group. 

a. Reduce the chromic acid as directed in I., and separate thesesqui- 
oxide of chromium from the alkalies as directed in § 155. 

fi. Mix the chromate of jiotassa or soda with about 5 parts of dry 
pulverized chloride of ammonium, and heat the mixture cautiously. 
The residue contains the chlorides of the alkali metals and scsquioxide 
of chromium, which may be separated by means of water. 

y. Precipitate the chromic acid according to I., «, /3, and separate 
the mercury and alkali in the filtrate by § 162. 

h . Of the Second Group. 

a. Fuse the compound with 4 parts of carbonate of soda and 
]>otassa, and treat the fused mass with hot water, which dissolves the 
chromic acid in the form of an alkaline chromate. The residue con- 
tains the alkaline earths in the form of carbonates ; but as they contain 
alkali, they cannot be weighed directly. The chromic acid in the 
solution is determined as in 1. Chromates of strontia and lime may be 
decomposed by boiling with carbonate of potassa or soda. Chromate 
of baryta may also be decomposed in tlie same way, but the boiling 
must be repeated a second time with fresh solution of alkaline car- 
bonate (H. Rose). 

i3. Dissolve in hydrochloric acid, reduce the chromic acid according 
tol., «, and separate the sesquioxide of chromium from the alkaline 
earth according to § 156. 

y. Chromate of magnesia as well as other chromates of the alkaline 
earths soluble in water may be easily decomposed also, by determining 
the chromic acid according to I., a , i3, or 1., and separating the 
magnesia, <fec., in the filtrate from the excess of the salt of mercury or 
lead as directed § 162. 

d. Chromates of baryta, strontia, and lime may also be decomposed 
by the method described II.^ a, /3. Compare Bahr, Analysis of bichro- 

♦ Jouro. f prakt. Chem, 95, 53 ; Zeitschr. f. anal. Chem 4, 444. 
f Journ. t prakt. Chem. 103, 361 ; Zeitschr. f. aaai. Chem. 8, 74. 
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mate of baryta, lime, &c,* H. Rose recommends igniting the finely 
powdered substance with five parts of chloride of ammonium. One 
ignition usually suffices to decompose the substance completely, but it 
is better to repeat the ignition with chloride of ammonium, to make 
sure that the weight remains constant before separating the chloride of 
barium, &c., from the residual oxide of chromium by water. 

c. Op the Third Group. 

a. From Alumina, 

If you have chromic acid to separate from alumina in acid solution, 
precipitate the alumina with ammonia or carbonate of ammonia (§ 105,^/), 
and determine the chromic acid in the filtrate according to I. If the 
washed alumina has a yellow color, treat on the filter with ammonia, 
and wash with boiling winter; this will remove the last traces of 
cJiromic acid. However, a little alumina dissolves in the ammonia, 
therefore heat the ammoniacal tiuid in a platinum dish till it has almost 
lost its alkaline reaction, and filter the fiocks of alumina which separate 
to the principal })rccipitate. 


/3. From Scaquioxide of CJtrotnhim, 

aa. Determine in one portion the quantity of the chromic acid 
according to 1., d, or I., c, a, or and in another jiortion the total 
amount of the chromium, by converting it into sesquioxide by cautious 
ignition with chloride of ammonium, or by L, a, or by converting it 
entirely into chromic acid by § lUO, 2. 

bh. In many cases the chromic acid may be precipitated according* 
To I., «, or 1., h. The sesquioxide of chromium and suboxide of 
mercury, or oxide of lead, in the filtrate, arc separated as directed 
§ 162. 

cc. The hydrated compounds of sesquioxide of chromium wdth 
chromic acid, such as are obtained by precipitating a solution of ses- 
quioxide of chromium with a solution of chromate of potassa, &c., may 
also be analysed by ignition in a stream of dry air, in a bulb tube, to 
which a chloride of calcium tube is attached (fig. 44, § 86). The loss 
of weight rojireseiits the joint amount of oxygen and watiT that have 
escaped. It the increment of the GaCl tube is deducted, we shall have 
the oxvpn. IV ow every 3 eq. oxygen correspond to 2 eq. of chromic 
acid. 'J'hc amount of the latter being thus calculated, we have only to 
subtract its equivalent quantity of sesquioxide from the weight of 
residue after the ignition, and the remainder is the quantity of sesqui- 
oxide originally present. VoGELf and also Storer and Elliot! 
have employed this method. 

d. Of the Fourth Group. 

a. Proceed as directed in by a. Upon treating the fused mass with 
hot water, the metals are left as oxides. In the case of manganese the 
fusion must be effected in an atmosphere of carbonic acid gas. Appa- 
ratus, fig. 70 in § 108. 



♦ Joura. f. prakt Chem. 60, 60. f lb. 77, 484. 

i Proceed iiige ot the American Academy, 5 , laS. 
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e. Op the Fifth and Sixth Groups. 
a. Acidify the solution, and precipitate, either at once or after re- 
duction of the chromic acid by sulphurous acid, with sulphuretted 
hydrog-en. The metals of the lifth and sixth groups precipitate in 
conjunction with free sulphur (§§ 115 to 127), the chromic acid is 
reduced. Filter and determine the sesquioxide of chromium in the 
filtrate, as directed in I., a. 

Chromate of lead may be conveniently decomposed by heating 
with hydrochloric acid and some alcohol ; the chloride of lead and 
sesquichloride of chromium formed are subsequently separated by means 
of alcohol (compare § 1(32). The alcoholic solution ought always to be 
tested with sulphuric acid ; should a precipitate of sulphate of lead 
form, this must be filtered off, weighed, and taken into account (com- 
})are also § 180, J., d). 

Supplement to the First Division, 

§ 131. 

1. Selenious Acid. 

From aqueous or hydrochloric acid solutions of selenious acid, the 
selenium is })recipitated by sulphurous acid gas or, in presence of an 
excess of acid, by suli)liite of soda, or sul})hite of ammonia. The pre- 
cipitated liquid is heated to boiling for J hour, which changes the 
])recipitate from its original red color to black, and makes it dense and 
heavy. The liquid is tested by a further addition of the reagent to 
see whether any more selenium will separate ; the precipitate is finally 
collected on a weighed filter, dried at a temperature somewhat below 
100*^, and weighed. Since H. Rose* has shown that the presence of 
hydrochloric acid is an essential condition to the com])lete reduction of 
tlie selenious acid, the former acid must be added, if not already 
present. To make quite sure that all the selenium has been removed, 
the filtrate is evaporated to a small volume, with addition of chloride of 
potassium or chloride of sodium, boiled with strong hydrochloric acid, 
so as to reduce any selenic acid to selenious acid, and tested once more 
with sulphurous acid. If the solution contains nitric acid it must be 
eva])orated rej.e itedly with hydrochloric acid, with addition of chloride 
of sodium or chloride of potassium. If the latter were omitted there 
would be considerable loss of selenious acid (RATHKEf). 

As regards the separation of selenious acid from the bases, the 
following brief directions will suffice : — 

a. If the bases are not liable to be altered by the action of sul- 
phurous acid and hydrochloric acid, the selenium may be at once 
precif^itated in the way just given ; the filtrate, when evaporated with 
sulphuric acid, yields the base as sulphate. 

b. From bases which are not thrown down fi’om acid solution by 
hydrosulphuric acid, the selenious acid may be separated by sulphu- 
retted hydrogen. The precipitate (according to RathkeJ, a mixture 
of SeSj, 8e,S and S), contains 2 eq. sulphur to 1 eq. selenium. If it 
is dried at or a little below 100°, the weight of the selenium may be 
accurately ascertained. Should, however, extra sulphur be mixed with 

* Zeitficbr. f. anal. Chem. 1, 73. 

t Journ. f. prakt. Cbein. 108, 249 ; Zeitschr. f. anal. Cbem. 9, 484. 

4: Journ. i, prakt. Cbem. 108, 252. 
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the precipitate, the latter is oxidized while still moist with hydrochloric 
acid and chlorate of potassa, or by treatment with potassa solution 
with simultaneous heating and transmission of chlorine. It is neces- 
sary here to oxidize the sulphur completely, as it may enclose selenium. 
The solution now containing selenic acid is heated till it smells no 
longer of chlorine, hydrochloric acid is added, and the mixture is re- 
heated. The selenic acid is hereby reduced to selenious acid, and when 
the solution has again ceased to smell of chlorine, the selenium is pre- 
cipitated with sulphurous^acid. Instead of this process you may digest 
the precipitate ol sulphur and selenium for some hours with concen- 
trated cyanide of potassium, which will completely dissolve it, and then 
throw down the selenium from the dilute solution with hydrochloric acid 
as in e (Rathke, loc. eit.). 

c. In many selenites or selenates the selenium may also be deter- 
• mined, by converting first into selenoc} anide of potassium, and pre- 
cipitating the aqueous solution of the latter with hydrochloric acid 
(Oppenheim*). To this end the substance is mixed with 7 or 8 times 
its quantity of ordinary cyanide of potassium (containing cyanic acid), 
the mixture is put into a long-necked fiask, or a porcelain crucible, 
covered with a layer of cyanide of potassium, and iiised in a stream of 
hydrogen. The temperature is kept so low that the glass or porcelain 
is not attacked, and while cooling care must be taken to exclude atmo- 
spheric air. When cold, the brown mass is treated with water, and the 
colorless solution filtered, if necessar^^ The licjuid should be somewhat 
but not immoderately diluted. Now boil some time (in order to convert 
the small quantity of selenide of potassium that may be present into 
selenocyanide of potassium by the excess of cyanide of potassium), 
allow to cool, supersaturate with hydrochloric acid, and heat again 
for some time. At the end of 1:2 or 24 hours all selenium will have 
separated, filter, dry at 100°, and weigh. The results obtained by this 
process are accurate (H. RosEf). If the selenium agglomerates toge- 
ther on heating, it may enclose salts. In such cases, by way of control, 
it should be redissolved in nitric acid, and, after addition of hydro- 
chloric acid, precipitated with sulphurous acid. The fluid filtered from 
the selenium precipitate is, as a rule, free from selenium ; it is, how- 
ever, always well to satisfy one’s self on this point by the addition of 
sulphurous acid 

d. From many bases the selenious acid (and also the selenic acid) 
may be separated by fusing the compound with 2 parts of carbonate of 
soda and 1 part of nitrate of potassa, extracting the fused mass 
thoroughly by boiling with water, saturating the filtrate, if necessary, 
with carbonic acid, to free it from lead which it might contai^J, then 
boiling down with hydrochloric acid in excess (to reduce the selenic 
acid and drive off the nitric acid), and precipitating finally with sul- 
phurous acid. 

Selenium, if pure, must volatilize without residue when heated in a 
tube. 

2. Sulphurous Acid. 

To estimate free sulphurous acid in a fluid which may contain also 
other acids (sulphuric acid, hydrochloric acid, acetic acid), a weighed 
quantity of the fluid is diluted with water, absolutely free from air,t 

* Joum. f, prakt Cbem. 71, 280. f Zeitsebr. f. anal. Cbem. 1, 73. 

t Prepared by Jong-oontmued boiimg and aubeequeut cooling with exvluBion of air. 
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until the diluted liquid contains not more than *05 per cent, by weight 
oi sulphurous acid ; the solution is poured with stirring into an excess 
of standard solution of iodine, the free iodine remaining is titrated w*ith 
hyj)osulphite, and the iodine used for the oxidation of the sulphurous 
acid is thus found. The equation is I -i- 2HO + SO^ = HI + HO^SO^. 
According to Finkener, if the iodine is added to the sulphurous acid 
the reaction is not quite normal. Anyhow this method of operating 
prevents any loss of sulphurous acid. For the details, see § 146. Tn the 
case of sulphites soluble in water or acids, water perfectly free from air 
is poured over the substance, in sufficient quantity to attain the degree 
of dilution stated above, sulphuric or hydrochloric acid is added in 
excess, and then the titration is effected as above. Tlie greatest care 
must be taken in this method, to use, for the purpose of dilution, water 
absolutely free from air. 

Sulphurous acid may also be determined in the gravimetric way, 
by conversion into sul()huric acid, and precipitation of the latter with 
baryta, according to § 162. This method is especially applicable in the 
case of sulphites quite free from sulphuric acid. The conversion of the 
sul}>hurous into sulphuric acid is effected in the wet way, best by pour- 
ing the dilute solution with stirring into excess of chlorine or bromine 
water. Sulphites insoluble in water are decomposed by boiling wdth 
carbonate of soda and the solution of sulphite of soda is treated as 
directed. After driving off the excess of chlorine or bromine by heat- 
ing, the moderately acid solution is precipitate^d wdth chloride of barium. 
Sulphites may be oxidized in the dry way by heating in a platinum 
crucible, with 4 parts of a mixture of equal j)arts carbonate of soda 
and nitrate of potassa. 

3. IIyposulphorous Acid. 

H^qjosulphurous acid, in form of soluble hyposulj)hites, may be 
determined by means of iodine, in a similar way to sul])hurous acid. 
The reaction is reju’esented by the equation, 2(j\a0,S202) + I = INaO, 
S^Ug + IN al. The salt under examination is dissolved in a large amount 
of water, starch-paste added, and then the neutral solution is titrated 
with iodine. That this method can give correct results only in cases 
where no other substances acting upon iodine are present, need hardly 
be mentioned. Hyj)osulphurous may like sulphurous acid be converted 
into sulphuric acid by means of chlorine or bromine water, and then 
determined. 

4. Iodic Acid. 

Iodic acid may be determined by the following easy method : — distil 
the acid, in the free state or in combination with a base, with an excess 
of pure fuming hydrochloric acid, in the apparatus described in § 130, r, 
(chromic acid), receive the disengaged chlorine in solution of iodide of 
})Otassium, and determine the separated iodine as directed in § 130, c, 

As 1 eq. iodic acid sets free 4 eq. chlorine, and consequently 4 eq. iodine, 
you have to reckon J 66*85 of iodic acid for 507*4 of iodine. The decom- 

1 )osition of iodic acid by hydrochloric acid is represented by the equation 
Oj + 5IIC1 = ICl + 5liO + 4C1 (Hdnsen*). The following method also 
yields good results. Mix the solution with dilute sulphuric acid, add 
iodide of potassium in excess, and determine the amount of hberated 


* Annal. d. Chem. u. Pharm. 80, 285. 
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iodine, after § 146. One-sixth of the iodine thus found is derived from 
the iodic acid (10, + 5HI = 5H0 + IJ. See Rammelsberg.* 

5. Nitrous Acid. 

The nitrons acid in nitrites which are free from nitrates may be 
estimated by converting* the nitrogen into ammonia and determining* 
the latter, or by determining the oxidizing action on protosalt of iron. 
This method is conducted exactly as described under nitric acid (§ 140). 
When nitric acid is also present, nitrous acid may be determined very 
satisfactorily with a solution of pure permanganate of potassa, provided 
the tiuid be sufiicientl}^ diluted to prevent the nitrous acid, which is 
liberated by the addition of a stronger acid, being decomjiosed by water 
with formation of nitric acid and nitric oxide. For 1 part of anhydrous 
nitrous acid, at least 5000 jiarts of winter should l)c present. The 
decomposition is represented b}^ the following equation : — 5NO, + 2Mn2 
Oy - OxNOj. + 4MnO. Jf the permanganate be standardized with iron 
dissolved to jirotoxide, 4 eq. iron correspond to 1 eq. NO^, since both of 
these require 2 eq. oxygen. Nitrites are dissolved in ilhjhthj 
acidulated water, the permanganate is added till the oxidation of the 
nitrous acid is nearly completed, the solution is then made strongly 
acid, and finally permanganate is added to light-red coloration. 

To determine hyponitric acid in red fuming nitric acid, transfer a 
tew c.c. to about 500 c.c. cold pure distilled water with stirring, and 
determine the nitrous acid produced. 1 eq. nitrous acid found cor- 
responds to 2 eq. hyponitric acid, for the latter — when mixed with such 
a large quantity of water as is indicated above — is decom])osed in 
accordance wdth the following equation: — 2]NO^+ J2HO = llO,NOg + 
HOjjVOg (SlG. FELDHAUSf). 

Nitrous and hyjionitric acid in jiresence of nitric acid ma}^ also be 
estimated by the reduction of chromic acid. An excess of standard 
bichromate of potash is added, and the undecomjiosed residue of 
chromic acid is estimated with standard solution of protoxide of iron 
(F. M 0 HR 4 ). 

As regards the estimation of nitrous acid with binoxide of lead, 
comp. Feldhaus, Iov. cit. ]>. 481, al^o Lano§ and J. JjowenthalH. 
Regarding the estimation of nitrous acid in water, see § 205. 


Second Division of the First Grmip of the Acid^, 

Sulphuric Acid ; (H3^drofluosilicic Acid). 

§ 132. 

Sulphuric Acid. 

I. Determination. 

Sulphuric acid is usually determined in the gravimetric way as 
sulpftate of baryta. The acid may, however, be estimated also by 
the acidimetric method (§ 205), and by certain volumetric methods, 
based upon the insolubility of the sulphate of baryta (and the sulphate 
of lead). 

* Pogg. Annal. 185, 493 ; Zeitgehr. f. anal. Chem. 8, 456. 
t Zeitschr. f. anal. Cbem. 1, 426. 

4 His Lebrbuch der Titrirmetbode, 3 Aufl. 236. 

§ Zeiuebr. f. anal. Cbem. 1, 485. II lb. S, 176. 
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1. Chrammetnc Method, 

The exact estimation of sulphuric acid as sulphate of baryta is by 
no means so simple and easy as it was formerly supposed to be, bilt 
requires, on the contrary, great care and attention. This arises from 
three causes : first, the sulphate of baryta is found to be far more 
soluble than was imagined in solutions of free acids and of many salts ; 
secondly, it is extremely liable to carry down with it foreign si^lts, 
which are of themselves soluble in water ; thirdly, when the precipitate 
has once separated in an impure state, it is often very difficult to purify 
it completely. 

The solution should contain but little free hydrochloric acid, and 
no nitric or chloric acid. If either of the two last are present, evaporate 
repeatedly, on the water-bath with pure hydrochloric acid. Dilute 
consideral)ly, heat nearly to boiling, add chloride of barium in 
moderate excess, and allow to settle for a long time at a gentle heat. 
Decant the clear fluid through a filter, treat the precipitate with 
boiling water, allow to settle, decant again, and so on, till the washings 
are free from chlorine. Finally transfer the jirecipitate to the filter, 
dry and treat according to § 53, using only a moderate red heat. 

After the jirecipitate has been weighed it is well to warm it for some 
time with dilute hydrochloric acid on the w^ater-bath. Ihen pour off 
the hydrochloric acid through a small filter, w^ash the precipitate by 
decantation with boiling water without removing it to the filter, 
evaporate the filtrate and washings nearly to dryness in a platinum or 
porcelain dish, add water, collect the minute amount of sulphate of 
baryta here left undissolved upon the small filter, wash, dry, incinerate, 
add the ash to the bulk of the ]>reci])itat(s ignite again, and weigh, if 
the precipitate has lost weight, this shows that it at first contained 
foreign salts. 

This method of purification sometimes fails when the precipitate 
contains oxide of iron or platmuiii (Claus*), and it invariably fails 
when the solution contains any notable quantity of nitric acid.f In 
such cases there is only one resource, namely, to fuse with about four 
parts of carbonate of soda, warm with water, filter, wash with boiling 
water, acidify the filtrate slightly with hydrochloric acid, and determine 
the sulphuric acid again. 

The results are thoroughly satisfactory if these directions are 
attended to; if not, the result may be two or three per-cents too high 
or too low. 

2. Volumetric Methods, 

a. After Carl Moiir4 We require a normal solution of chloride 
of barium, containing 121*90 grm. of the pure crystallized salt in 1 
litre, and also normal nitric or hydrochloric acid and normal soda 
(§ 215). Add to the fluid to be examined for sulphuric acid — which, 
should it contain much free acid, is previously to be nearly neutralized 
with pure carbonate of soda — a measured quantity of chloride of barium 
solution, best a round number of cubic centimetres, in more than 
sufficient proportion to precipitate the sulphuric acid, but not in too 
great excess. Digest the mixture for some time in a warm place, then 

* Jahreaber. von Kopp und Will. 1861, 823, note, 
f Compare my paper in Zeitschr. f. anal. Chem. 9, 52. 

X Ann. Uer Cbem. u. Pbarm. 90, 16j. 
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precipitate, without previous filtration, the excess of chloride of barium 
with carbonate of ammonia and a little ammonia, filter off the sulphate 
and carbonate of baryta, wash until the water running* off acts no 
longer upon red litmus paper, and then determine the carbonate of 
baryta by the alkalimetric method given in § Deduct the c.c. of 

normal acid used from the c.c. of chloride of barium and the remainder 
will be the c.c. of chloride of barium corresponding to the sulphuric 
acid present. The results of this method are (juite satisfactory, if the 
solution does not contain too much free acid ; but in presence of a 
lar^e excess of free acid, the action of the salt of ammonia will retain 
carbonate of baryta in solution, which, of course, will make the 
amount of sulphuric acid appear higher tlmn is really the case. It 
need hardl}^ be mentioned that this method is altogether inapidicable 
in j)resence of phos])horic acid, oxalic acid, or any other acid preci- 
jutating baryta salt from neutral solutions, and that no other bases but 
alkalies may be present. 

b. After A. Clemm.* Clemm has modified C. Mohr’s process as 
follows v/ith the view of making it more rapid in execution and more 
convenient for use in manufactories. In this also the absence is neces- 
sary of all other acids which form insoluble salts with baryta and of 
all bases except alkalies. We require besides the standard solutions 
menlioned in a, a normal solution of ])ure carbonate of soda, containing 
53*04 grm. of the anhydrous salt in 1 litre. Put the solution of 
sulphuric acid into a measuring fiask, add tincture of litmus, and if 
necessary neutralize exactly with soda free from carbonic acid or with 
hydrochloric acid, add a measured quantity of chloride of barium in 
excess, then a volume of carbonate of soda equal to that of the chloride 
of barium, fill to the mark, shake, filter and determine in an aliquot 
part of the filtrate (about a half) the carbonate of soda according to 
§ 220. ITie acid used to neutralize the carbonate of soda left in the 
solution is equivalent to the sulphuric acid ])resent. KO,SOj, + 2BaCl 
= Ba 0 ,S 03 -i-KCl 4 .BaCl and BaC^SU, + KCl 4 - BaCl 4- 2NaO,CO,= 
BaOjSOg 4 - KCl 4 - BaU,CO^ 4 - IS'aCl -f lSaO,CO.,. In dilute solutions the 
small excess of carbonate of soda has no action on the sulphate of 
baryta, so that no error can arise on this score. The results are 
sufficiently accurate for technical purposes. 

c. Aftci hi. BoHLiG.f This method is intended for technical 
purposes. It depends on the fact that when an alkaline sulphate is 
lieated at a temperature near 100 "^ with precipitated carbonate of baryta 
in the presence of excess of carbonic acid complete decomposition taxes 
place with formation of sulphate of baryta and alkaline bicarbonate. 
The amount of alkali combined with carbonic acid is determined 
alkalimetrically, it corresponds to the quantity of sulphuric acid. 
Hegardmg the details see the original paper. 

d. After K. Wildenstein (Mrst process!). The principle of the 
method consists in precipitating the sul})huric acid with chloride of 
barium, and estimating the excess of the latter by means of neutral 
chromate of potassa ; the chromate being added directly if the solution 
is neutral 5 if, on the contrary, it is acid, after addition of ammonia 
free from carbonic acid in slight excess. Two solutions are employed — 

1. A solution of chloride of barium, 1 c.c. of which corresponds 


* Zt^iUcbr. f. anal. Cbem. 9, 122. 


t Jb. 9, 310. 


t Ib. 1, 828. 
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to *02 sulphuric acid. Prepared by dissolving 60*98 grm. of the pure 
crystallized salt to 1 litre. 

2. A solution of pure neutral chromate of potassa, 2 c.c. of which 

a itate 1 c.c. of the chloride of barium solution. Prepared by 
iring 18*45 grm. of bichromate of potassa, adding ammonia till the 
reddish-yellow color has turned to pale yellow, and diluting to 1 litre. 

The first thing is to test whether the two solutions stand in the 
proper relation to one another. To this end take 10 c.c. of the chloride 


of barium solution, dilute with about 50 c.c. water, heat to boiling, 
and add 20*4 c.c. of the chromate of potassa solution. The precipitate soon 
settles, and the supernatant fluid must be yellowish. Add now chloride 
of barium drop by drop from the burette— *2 c.c. should be required. 

For the actual analysis, dissolve the substance in about 50 c.c. 
water in a flask of, say 200 c.c., heat to boiling, and run in chloride 
of barium, till the whole of the sulphuric acid is certainly precijutated, 
but avoiding a large excess of the precipitant. Boil now for half to 
one minute, and if acid, neutralize with ammonia free from carbonic 
acid, and add, no matter whether the fluid is turbid or not, chromate of 
potassa in quantities of *5 c.c. at a time. The fluid now rapidly 
becomes clear on gentle agitation, so tliat one can easily recognise, by 
tlie first appearance of the yellow coloration, when the chromic acid 
ceases to be precipitated. As soon as this ])oint is reached, add chloride 
of barium slowly, drop by droji, till the fluid is again completely 
decolorized ; for this purpose generally only a few drops, at the most 
only *4 c.c., arc required. Finally divide the c.c. of chromate used 
by 2, deduct them from the whole of the chloride of barium used, and 
reckon the sulphuric acid from the remainder. Results good. 

In applying the metliod to sulphate of magnesia, zinc or cadmium, 
dissolve in ammonia witli luhhtion of chloride of ammonium, heat with 
a little chloride of calcium m order to throw down any carbonic acid 
in the ammonia, and then titrate (Fleisciieu*). 

e. After R. Wilbenstejn (vSecond processf). Of aU the methods 
for the volumetric estimation of sulphuric acid, the simplest and that 
which is capable of the most general application, is to drop into the 
solution containing excess of hydrochloric aiad, standard chloride of 


barium solution, till the exact point is reached when 
no more precipitation takes place. This point is diffi- 
cult to hit, and hence the method has only found a 
very limited use. 

Wilde NSTETN has given this method a prac- 
tical form, whi(di renders it possible to complete an 
analysis in about half an hour, and at the same time 
to obtain satisfactory results. He employs the appa- 
ratus, fig. 80. A is a bottle of white glass, whose 
bottom has been removed, it contains 900 — 950 c.c. 

is a strong funnel- tube, with bell-shaped funnel, 
and bent as shown, provided below with a piece of 
india-rubber tube, a screw compression-cock, and a 
small piece of tubing not drawn out. The length 



Fig. 8t5. 


* Jouni. f. prakt. Chem. N F. 6, 318. Here also a modification of the process is 
suggested by which excess of chromate of ammonia may be detected in colored fluids, 
hut this makes it rather complicated. 

t Zeitschr. f. anal. Chem. 1, 432. 
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from (T to is about 7J*8, from d to e about 12 cm. The opening of 
the funnel-tube /, which should have a diameter of 2*5 to 3 cm., is 
covered as follows : — Take a piece of fine new calico or muslin, free 
from sulphuric acid, and about G cm. square, lay on it two pieces of 
Swedish paper of the same size, and then another piece of stuff like 
the first, now bind these altogether over the opening /, carefully and 
without injuring the paper, by means of a strong linen thread which 
has been drawn a few times over wax, and cut it off even all round. 
We have now a small sy})h on-filter, which enables us to filter off’ a 
portion of fluid contained in A, and turbid from sulphate of baryta, 
clear and with comparative rapidity. 

On gradually adding chloride of barium to the dilute acid solution 
of a sulphate a point occurs which may be compared to the neutral 
point in precipitating silver with chloride of sodium (see p. 23G) ; i.f.y 
there is a certain moment, when a portion filtered off’ will give a tur- 
bidity both with sulphuric acid and chloride of barium after the lapse 
of a few minutes. On this account we must either proceed on the 
principle recommended for the estimation of silver, i./., disregarding 
the quantity of chloride of barium in the solution, to standardize it by 
adding it to a known amount of sulphate, till a precipitate ceases to be 
formed; or else we must — and Wjldenstein recommends this latter 
course — consider as the end-point of the reaction the point at which 
chloride of barium ceases to produce a distinctly visible precipitation in 
the clear filtrate after a lapse of two minutes. 

The chloride of barium solution is jirepared as in b, so that 1 c.c. 
corresponds to *02 sulphuric acid. The process is as follows : — 

First prepare the solution of the sulphate to be analysed (using 
about 3 or 4 grm.), then fill A with hot water, open the cock with the 
screw or by the aid of a glass rod, and wait till the syjihon B is quite 
full of water. If the water runs down the tube c e without filling it 
entirely, close and open the cock a few times, and this inconvenience 
w ill be removed. (It is not allowable to suck at c, or to fill the syphon 
with the wash-bottle at c, as either jiroceeding would inevitably lead 
to injuring the filter.) Now close the cock and pour out the hot 
winter, replace it by 400 c.c. of boiling water, add the ready-prepared 
solution of the sul])hate, and a small quantity of hydrochloric acid, if 
necessary, and run in the chloride of barium solution, at first in rather 
large portions, at last in ^ c.c. Before each fresh addition of chloride 
of barium open the cock and allow rather more liijuid to flow into a 
beaker than corresponds to the contents of the syphon. This quantity 
should be previously ascertained, and a mark indicating it made on the 
beaker. Now close the cock and pour the filtrate without loss back 
into A , (As the beaker is used over and over again for the same pur- 
pose it need not be rinsed out.) Now run some of the fluid into a test 
tube, so as to one-third fill it, add to the clear fluid 2 drops of chloride 
of barium from the burette and shake. If a precipitate or turbidity is 
produced return the portion to the main quantity. The experiment is 
finished when the last portion tested shows after the lapse of exactly 
two minutes no distinctly visible turbidity. The drops of chloride of 
barium used for the last testing are of course not reckoned. The slight 
error involved from the fact that the small quantity of fluid in the 
syphon is finally unacted on, is too small to be noticed. During the 
experiment the filter must not be injured by the stirring. In case the 
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end reaction has been overstepped, add 1 c.c. of dilute sulphuric acid 
(equivalent to the chloride of barium) to A, and endeavour to hit it 
aprain. Here 1 c.c. will have to be subtracted from the c.c. of chloride 
of barium used. 

The results obtained by Wildenstein are of sufficient accuracy 
for technical purposes. Some experiments made in my own laboratory 
were also quite satisfactory. 

/. The methods of Levol* PAPPENHEiM,t and Schwarz,! 
de})end upon the precipitation of the sulphuric acid with standard solu- 
tion of lead. Their use is limited, as they require the absence of 
chlorides, hydrochloric acid, and neutral ammonia salts. 

II. Separation of Sulphuric Acid from the Bases. 

a. From those Bases with which the Acid forms Compounds 
SOLUBLE IN Water or in Hydrochloric Acid. 

The solution should be free from nitric acid. Precipitate the sul- 
phuric acid according* to I. by chloride of barium (or acetate of baryta). 
The filtrate contains the excess of chloride of barium, tog^ether with the 
chlorides of the bases present ; determine the bases by the methods 
griven in the fifth section for their separation from baryta. The fluid 
obtained by treating- the igriited sulphate of baryta with hydrochloric 
acid, evaporating and filterinj^ from the small amount of sulphate of 
baryta, must be added to the solution containinj^ the bases. If after 
treating- the sulphate of baryta with hydrochloric acid it still contains 
foreig-n bases, dissolve it in sulphuric acid with heat, pour the solution 
into cold water, and collect the ])recinitate on a filter ; the remainder 
of the foreign base will then be founci in the filtrate. 

b. From those Bases with which the Acid forms Com- 
pounds insoluble or difficultly soluble in Water 
or in Hydrochloric Acid. 

a. Frmti baryta^ strontia, ami lime : Fuse the finely pulverized sub- 
stance, in a platinum crucible, with 5 parts of mixed carbonates of soda 
and potassa. Put the crucible, with its contents, into a beaker, or 
into a jdatinum or porcelain dish, pour water over it, and apply heat 
until the alkaline sulphates and carbonates are completely dissolved ; 
filter the hot solution from the residuary carbonates of the earths, 
wash the latter thoroughly with water, to which a little ammonia and 
carbonate of ammonia has been added, and determine according to 
§§ 101 to 103. If the precipitates have been well washed, it is per- 
fectly admissible to ignite and weigh at once. Precipitate the sul- 
phuric acid from the filtrate, as in I. Finely pulverized sulphate of 
lime and sulphate of strontia may be comjiletely decomposed also bv 
boiling with a solution of carbonate of potassa ;§ the same process will 
answer also for sulphate of baryta; but the operation is far more 
difficult, and complete decomposition is effected only by boiling the 
precipitate, after decanting the fluid, repeatedly with an excess of solu- 
tion of carbonated alkali (H. RoseH). 

* Bulletin de la socidtd d’Enoour, Avril 1853 ; Journ. f. prakt. Ghem. 60, 884. 
t Mohr's Lehrb. der Titrirmethode, 8 Au£L 411. 

X Zeitschr. f. anal. Ohem. 2, 392. 

§ Carbonate of soda does not answer as well. 

II Journ. f. prakt. Chem. 64, 882, and 65, 316.* 
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/3. From oxide of lead: The simplest way of effecting* the decomposi- 
tion of sulphate of lead consists in digesting it, at the common tem- 
perature, with a solution of bicarbonate of soda or potassa, filtering, 
washing the precipitate, determining the sulphuric acid in the filtrate 
as in I., dissolving the precipitate, which contains alkali, in nitric or 
acetic acid, and determining the lead in the solution, by one of the 
methods given in § 162. 

Presence of strontia and lime necessitates no alteration in this 
method; but if baryta also is present, and it is accordingly necessary 
to ignite* the mixture with carbonated alkalies (or to boil rej)eatedly 
with fresh portions of solution of the same,) a small portion of lead 
always remains in solution in the alkaline fluid ; this must be preci- 
pitated by passing carbonic acid before filtering. 

y. Frtym ttfiho.vtdr of mtreurt/ : Sulphate of suboxide of mercury is 
best dissolved b}" warming with dilute hydrochloric acid with addition 
of chlorate of })otassa or bromine, and the solution is treated according 
to rt. If the salt is boiled with solution of carbonate of potash, the 
carbonate of suboxide of mercur}’^ first formed is decomposed, and the 
residue contains metallic mercury and oxide of mercury ; a small part 
of the latter passes into the filtrate. 

III. Estimation of free Sulphuric Acid in presence of 
Sulphates. 

We have occasionally to estimate the free acid in presence of sul- 
phates, as, for instance, in vinegar, wine, Ac. This may be frequently 
done by indirect methods, the amount of the bases being deter- 
mined on the one hand, and on the other the amount of the acids ; 
sometimes also by determining the total quantity of sulphuric acid 
and the quantity of free a(*id, the latter by the acidimetric method. 
According to A. Gf kardI the following is the only direct method, which 
<*an be relied on. Evaporate on the Avater-bath to dryness and exhaust 
the residue with absolute alcohol ; determine the combined acid in the 
residue, and the free acid in the alcoholic extract, after mixing with 
water and eva])orating off the alcohol. It has been Sfdd tiiat the oliject 
may lie attained by the use of caibonate of baryta, which is sup])()sed 
to throAv down the free acid only, but this is erroii(‘ous since alkaline 
sulphates in aqueous solution are partially decomposed at the ordinary 
tciuperature by carbonate of bar 3 aa. 

Supplement to the Second Division. 

§ 133. 

Hydrofluosilicic Acid. 

If you have hydrofluosilicic acid in solution, add solution of chlo- 
ride of potassium, then a volume of strong alcohol equal to the fluid 
present, collect the precipitated silieofluoride of potassium on a weighed 
filter, and wash witli a mixture of equal volumes of spirit of wine and 
winter. Dry the washed precipitate at 100'", and weigh. Mix the 
alcoholic filtrate with hydrochloric acid, evaporate to dryness, and treat 
the residue with hydrochloric acid and water. If this leaves an undis- 

* Tbifl is best done in a porcelain crucible, 
t Cotnpt. rend. 5S, 516 ; Zeitschr. f. anal. Chem. 4, 219. 
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solved residue of silicic acid, this is a sig*!! that the examined acid 
contained an excess of silicic acid ; the weight of the residue shows 
the amount of excess. Silicofluoride of potassium dried at 100° has the 
formula KF,SiFj, ; for its properties, see § 08. Instead of weig-hing* 
it, it may be estimated volumetrically accordin*^ to § 97, 5. The 
analysis of metallic silicofluorides is best effected by heatinj^ in pla- 
tinum vessels, with concentrated sulphuric acid ; fluoride of silicon and 
hydrofluoric acid volatilize, the bases are left behind in the form of 
sulphates, and may, in many cases, after volatilization of the excess of 
suljdiuric acid, be weighed as such. If the metallic silicofluorides to 
be analysed contain water, the latter cannot be estimated by mere 
ignition, since fluoride of silicon would escape with the water. H. Rose 
recommends the following method : Mix them most intimately with 
f) parts of recently ignited oxide of lead, cov(‘r the mixture, in a 
small retort, with a layer of ]mre oxide of lead, weigh the retort, heat 
cautiously until the contents begin to fuse together, remove the 
aqueous vapor still remaining in the vessel hy suction, and weigh the 
retort again when cold. The diminution of weight shows the quantity' 
of water expelled. Do not neglect testing tin* drops of the escaping 
water with litmus paper ; the result is accurate only if they have no 
acid reaction. 

F. Stolua* proposes the following process, at least for compounds 
soluble in water. Put into a criKuble double as much magnesia as is 
necessary to decompose the silicofluoride to be analysed, ignite it as 
strongly as possible, allow to cool, and weigh. Add water to form a 
thick jiaste, and then the weighed silicofluoridi* ; if the amount of 
water jiresent is not enough to dissolve the comjiound, add some more, 
mix with a platinum wire which must afterwards be wiped off clean, 
dry, ignite, and weighc The increase in weight shows the amount of 
anhydrous silicofluoride, provided no oxide is present winch takes up 
oxygen. 

Third Dunsiori of the First Group of the Acids. 

Phosphoric A(it> — Boracic Acid — Oxalic Acid — 
Hydrofluoric Acid. 

§ 134. 

1. Phosphoric Acid. 

I. Determination. 

Tribasic phosphoric acid may be determined in a gToat variety of 
ways. 'I'he forms in which this determination may be effected iiave 
been given already in § 93, 4. The most aiiproyiriate forms for the 
purpose, however, are pyrophosphate of tnaynesia and phosphate of sestjui- 
oxide, of urauiam, liecause they are in themselves well worthy of recom- 
mendation and can be emjdoyed in almost all cases. ^J'he detenniiiatioii 
as pyrophos])hate of magnesia is frequently preceded hy pieciyiitanoii 
in another way, especially as phosplio-nioiyhdnte of ammonia, occa- 
sionally as phosphate of binoxide of tin or of snboxidt^ of mercury. Tlie 
other forms in which phosphoric acid may be determined give also, in 

* Zeitschr. f. aoal. Cbem. 7, 93. 
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part, very f^ood results, but admit only of a more limited application. 
With respect to volumetric metliods, those which depend upon the use 
of standard solution of uranium are the best. 

With regard to meta- and ]>yro]>hosphoric acids, I hove simply to 
remark here that these acids cannot be determined by any of the 
methods ffiven below. The best way to eifect their determination is to 
convert them into tribasic phosphoric acid ; as follows : — 

a. In the dry way. By jirotracted fusion with from 4 to 6 parts of 
mixed carbonates of soda and potassa. This method is, however, ap- 
plicable only in the case of meta- and pyro])hosphates of the alkalies, 
and of those meta- or pyro})hosphates of metallic oxides which are 
comjdetely decom})osed by fusion with alkaline carbonates; it fails, 
accordingly, for instance, with the salts of alkaline earths, magnesia 
excepted. 

In the rret way. The salt is heated for some time with a strong 
acid, best with concentrated sul]>huric acid (Weber*). This method 
leads only to the attainment of upjiroxiiiiate results, in the case of all 
salts whose bases form soluble com])ounds with the acid added, since 
m these cases the meta- or pyrojdiosphoric acid is never completely 
liberated ; but the desired result may be fully attained by the use of 
any acid which forms insoluble comjxmnds with the bases present, 
liespecting the partial conversion m the former case, I have found 
that it approaches the nearer to completeness the greaU^r the quantity 
of free acid added, f and that the ebullition must be long continued 
(comp. Expt. No. '6*2), 

Bunce’s statement, + that phosphoric acid volatilizes when a phos- 
])liate is evaporated to dryness with liydrochloric or nitric acid and the 
residue heated a little, is quite erroneous (comj)are my jiaper on tlie 
subject, in Annal. der Chem. und Pharm, 80, 1?10). But, on the other 
hand, it must be borne in mind that tribasic jihosphoric acid under 
these circumstances changes, not indeed at 100°, but at a temperature 
still below 150°, to pA rojdiosphoric acid; thus, for instance, upon 
evaporating common phosphate of soda with hydrochloric acid in ex- 
cess, and drying the residue at 150°, we olttain KaCl + NaO,HO,P 05 . 


a, Dcieriiunation ns Phosphate of Lead, 

Proceed as uith arsenic acid, § 127, 1, a — z.c., evaporate witli a 
weighed (jiiantity of oxide of lead, and ignite. This method presupjioses 
that no other acid is present in the aqueous or nitric acid solution ; it 
lias this ‘^reat advantage that it gives correct results, no matter whether 
the phosphoric acid jiresent is mono-, bi-, or tribasic. 


h. Determination as Pyrophosphate of Ma/fuesia, 

a. Direct determination, Suitable in all cases in wdiich it is quite 
certain that the acid is present in the tribasic state, either free or 
combined with an alkali. 

The solution should be neutral or only moderately ammoniacal. 
Add chloride of ammonium, and then the usual magnesia mixture (§ 02, 
0), or, still better, a mixture of chloride of magnesium, chloride of 


* I’og^. Annal. 73, 187. 

+ Are, however, other considerations which forbid going too far in this 

respect. 

i Sillini. Journ. May, 1851. 405. 
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ammonium and ammonia,* * * § in sufficient but not too excessive quantity. 
10 c.c. of the magnesia mixture will precipitate *24 grm. PO^. The 
})recipitate being under these conditions somewhat slowly formed, 
apf)ears distinctly crystalline. After some time add ammonia graduall}’ 
to the amount oi one-third of the fluid. Allow to stand 12 hours in a 
well-covered vessel in the cold, filter, test the filtrate with magnesia 
mixture and ammonia, and wash the preeij)itate with ammonia diluted 
with 3 volumes of water till the washings, when acidified with nitric 
acid and tested with nitrate of silver, are no longer rendered turbid ; 
}u*oceed according to § 104, 2. The ]>reci{)itate is not absolutely 
insoluble in aminouiated water, therefore it is well to wash by suction, 
as this reduces the necessary amount of wusli water to a minimum. 
The results are accurate (Exj)t. No. 80, also Kissel).! If there is 
reason to susj)ect the purity of the j)rccij)itate, dissolve it in hydro- 
chloric acid, and throw down again with ammonia, adding some 
magnesia mixture. If the magmesia mixture is omitted, the solution 
being free from magnesia, will dissolve some of the ]>recipitate. Com- 
pare Kissel, loc. mt. Properties of the ]>recipitate and residue § 74. 
if the solution contains jiyrophosphonc acid, the jirecipitate isflocculent 
and dissolves to a notalile degree in arnmoniated water (Weber). 

3. Jmhnrt dvUrmtnathm^ with ]»revious precijiitation as phosphor 
molijhdatc of a after Sonnenscii kin.J 

A]iplica}de in all cases in which tlie pliosydioric acid is present in 
the tribasic state, even in presence of alkalim' earths, alumina, sesqui- 
oxide of iron, Tartaric acid, however, and similarly acting organic 
substances must be absent. No considerable (juantity of hydrochloric 
acid may be jiresent. Large quantities of chloride of ammonium, and 
of metallic chlorides generally, also of certain ammonia salts, esjiecially 
the oxalate and citrate (lv()Ni(i)§, are to be avoided. Nitrate of am- 
monia assists the precipitation and neutralizes the injurious action of 
very large quantities of nitrates and suljdiates (K. RTrHTERs)||. The 
molybdenum solution described “ (hial. Anal.,” § 52, is enqiloyed as 
the jirecipitant. It contains 5 ])er cent, of mcdyhdic acid. The fluid to 
be examined for jihosyihoric acid should be concentrated, it may contain 
free nitric or free sulyihuric acid. Transfer to a beaker and add a con- 
siderable quantity of the molybdenum solution. About 40 parts 
molybdic acid must be added for every 1 jmrt phos])boric acid, therefore 
80 c.c. of the molybdic solution for *1 grin, yihosphonc acid. Stir, 
without touching the sides, and koej) covered 12 hours at about 40"". 
Then remove a jiortion of the clear siqiernatant fluid with a pipette, 
mix it with an equal volume of molybdenum solution, and allow it to 

* When the ordinary mixture ib used a little deviation from the coiyect proccBs 

may cause the piecipitite to contain a trace of basic snlebate of mtgn 'sia. The 
mixture recommended is j)repared as follows : — Disso ve grm. crystallized Hulphate 

of mairnesia in boiling w *ter, add 5 c c. hydro, hloric aod, then 82 grin, crystallized 
chloiide of barium dissolved in water, boil, decant, filter, and test whether dilute 
sulpliuric acid gives any precipitate in the filtrate ; if it does add a little more 
sulphate of magnesii. Mix the filtrate and washings, concentrate bv evap ration, 
allow to cool, transfer to a litre flask, add 165 grm. pure cldoride of ammonium, 
260 c.c. ammonia and water to the mark. Allow to stand a few days and filter if 
necessary. This solution contains the same quantity of magnesia as that given in 

§ 62, 6. 

f Zeitschr. f. anal. Chem. 8, 170. t Jhwn, f, prakt Chem. 53, 343. 

§ Zeitschr. f. anal. Chem. 10, 305, il Jb. 10, 469. 
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Stand some time at 40®. If a further precijdtation takes place, return 
the portion to the main quantity, add more molybdenum solution, allow 
to stand ao-ain 12 hours, and test ap*ain. When complete jirecipitatioii 
has been ejected pour the tlui<l oil* through a small filter and wash tlie 
precipitate entirely by decantation, usii*^ a mixture of 100 ])arts molyi)- 
date solution, 20 ])arts nitric acid of 1 2 sj). <j;r., and t^O })arts waO r.* 
'[’he washin«»’ must be t]iorou<:h, and the last runninjjs must not be 
]>reci})itatcd by excess of ammonia, even if lime, iron, &c., was ]>resent 
in the solution. iSow dissolve the ])recipitate in the least (juantily of 
ammonia, pour the Hiiid tlirou^li the small filter, when tin* minute 
amount of precipitate thereon 'will be <]iss(dved, 'w^ash the filO^r with 
ammonia diluted with tliree \olumes of water, mix tlie filtrate and 
wasbini»s, and add liydrocblonc acid carefully till the precipitate 
produced, instead of redissolviii<:* instantly, takes a little time to dis- 
appear ; finally throw do\Mi 'wntli maijnesia niixtur(‘ (comjaire a). If 
the ammonia leaves a small amount of the jirecqntate undissohed, treat 
the residue with nitric acid and test ibe liltrate with molybdic solution 
in order to sa^(' any ])lios]dioric acid. Besults accurate.! 

As this method K^piires so lar‘ 2 (‘ a (juantity of molybdic acid, it is 
usually resorted to only in cases ^bere methods a, and c are iii- 
apjdicable ; and the ]dios])horic acid in tlie quantitv ol’ substance Inkmi 
IS not allowed to exceed » 2 rm. Arsenic acid and silicic acid,] if 
present, must first be removed. Of all tlie methods for detciminin^* 
piiosjdioiic ncul winch are admissible in the ])rescnc(‘ of sesquioxide of 
iron and alumina, this is the Ix'st in my ojiinioii, especially for the 
estimation of small quantities of tlie acid in presence ()flar|,»e (juantitu s 
of these liases. 

y. l/ffhnct (}(‘t(Tunna1un)^ with jirevious preci])itation as phitsphut( of 
svhoxidc of in error p, after H. Hosr § 

Apjdicalde loi tlie separation of phosplioric acid (also of ])yro- and 
nietap]j(ts]>honc acid) from all bas«'S, excrqit alumina. Coni]). ^ L*ib. /*. 

I>i-<-oivc the ])ljos])hate in m it her too Jar^'e nor too small a (juautitv 
of nitric acid, m a porcelain dish, add ])ure metallic imTcury in sutficiciit 
quantity to leave a jiortion, even l]H)nj»h only a small one, undi.-solvi^l 
by the free acid. Fhajiorate on the water-liath to dryness. If tlie warm 
mass still c'v elves an odor of iiitiic acid, moisten it witli w^atcr, and heat 
Ujiain on the w ater-liatli, until it sirudls no longer of nitric acid. Add 
now hot w ater, ])ass tlirouph a small filter, and w^ash until tin* wa.sliin^'s 
leaVe no loiiiim’ a fixed residue u])on ])hitinum. Dry the filter, whi< li, 
besides the pho>})bate, contains also basic nitrate of suboxide of mercury 
and free merxury, mix its contents, in a jilaliiium crucilde, with mixed 

* Accorfillni; to E. RiCHTrns (Zeitsclir. f. anal Chem. 10, 471) you may «lso wanh 
with a ‘.oluiioij of oitrMte of ainiuoiiia C'-utainiiitr 1,^ in 100 c.c. hlij^htly acidified 

witli nitric acid and cnutaininu a few j>er-c<*iitR of 7iii»l>h(lic acid solution. 

! ZeitKi hr. f. ana*, (’hern. 3, 440, and 6, 403. 

t Silicic acid mav also i)e tlirown down, in form of a yellow precipitate, by scid 
solution of II olyhdate ol’ ainniortM, enpecially in presence of inucli chloride of ain- 
in>>nium (W K\*op, Cheiii. Central!). ]8.'>7, 60]). Mr. OuundMaNN, who repeated 
Kkop’h expevimeius in rny laboratory, obtained the same results. The precipitate 
disBoIvea in ammonia. If the solution, after addition of some chloiiile of ammonium, 
is allowed to stand for sometime, ihesiluic acid sepaiates, and the phosphoric acid 
may I hen be precipitated from the filtrate with magnesia-tuixiure ; it ie, however, 
always the safer way to remove silicic acid first 

8 I^ogg. Annal. 76, 218. 
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Carbonates of soda and potassa in excess, roll the filter into the 8h{i}>e 
of a ball, place it in a hollow made in the mixture, and cover the whole 
with a layer of the mixed carbonates. Expose the crucible, under a 
chimney with g-ood draught, for about half an hour to a moderate heat, 
so that it does not g*et red-hot. At this temperature, the nitrate of 
siiboxide of mercury and the metallic mercury volatilize. Heat now 
over the lamp to brig^ht redness, and tieat tlie residue with hot water, 
which will dissolve it completely, if no sesfjuioxide of iron be present, 
and if no oxide of platinum has been formed. The latter may occur on 
a(;count of too rapid heating*, which might produce nitrate of soda, 
which would act upon the platinum. Sujiersaturate the clear (if neces- 
sary, filtered) solution with hydrochloric acid, add ammonia and 
magnesia-mixture, and proceed as in a. 

d. Injhnrt (ktirmimiKmy with jirevious precipitation as 'phosphMc of 
huioxuh of t 'iii, 

aa. After W. Reissio.* The substance should be free from 
clilorides. I)iss<»lve in con(*entrated nitric acid, add, at least, eight 
tunes as much of the ]uirest tin (in the form of foil or small grains) as 
there is pliosjdioric acid iiresent, and warm for five or six hours, until the 
pieci})itate has completely siibsided.f Wash hy decantation combined 
wMth filtration, rinse into a platinum dish, and digest with a small 
ijuantity of concentrated solution of jiotussa. The product of this 
ojieratioii is a mixture of metustannatc and phosphate ot potassa, which, 
upon addition of hot water, dissolv^es to a clear fluid, and even very 
readily if there has not been too much hydmte of potassa usetl. 
Dissolve, in the same way, the trifling particles of the jirecipitate which 
may still adhere to the filter, add this solution to that of the precipitate, 
transfer the wliole fluid to a weighed flask of a litre ca]>iu*ity, and dilute 
with water to make the fluid u]) to about OOO grm. ; saturate now with 
sulphuretted hydrogen, adding also some jieutasuljihide of ammonium, 
and th(‘n acetic aci(l, until the biMiIphide of tin is jirccipitated, and th(i 
fluid n\i(fhtly acid. Kejdace the fla'^k now on the scale, add water, until 
tlj(» contents weigh 1000 grm. (or some other round number), shake, 
jillow it to stand from 12 to 10 hours, filter the supernatant clear fluid 
iii'o a porcelain dish, and weigli the flask again, which now contains 
the rest of the fluid, together With the sulphide of tin. The weight 
found gives, bv siiujile subtraction, also the (juantity of the filtrate in 
which the phosphoric iicid is to he estimated. The proportion whicli 
this bears to the total fpiaiitity of the fluid, viz., 1000 grm. minus tlie 
weight of the siiljihide of tin (which may he calculated with sufficient 
accuracy from the amount of tin originally used, or may be estimated 
in tlie direct way), is easily^ found. 

Wash tlie filter used in transferring the clear fluid from the flask t4) 
tlie porcelain dish, and add the washings to the filtrate in the latter ; 
evaporate the Hind to a small bulk, and estimate the phosphoric acid in 

* Anual. d. Chem, u. Pharni. 98 , 3 ”) 9 . The method is a judicious modification of 
Reynoso’s process (Journ. f. prakt. Chem. 54, 261), which lat:er, though in principle 
fice from defects, yet presents certain practical difficulties, owing priiicif»ally to the 
large proportion of tin required for the process (eight times the quantity of the 
phosphoric acid), which makes the presence of even slight impurities in the tin a 
source of considerable error. These remarks of Rkissin completely coincide with the 
results of my own eiLperimeiitg. 

t III the presence of alumina or sesquioxide of iron portions of these bases pass 
into the precipitate (Gibahd). 
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this according to hy a. The way here recommended of effecting the 
separation of the j)hosphoric acid fluid from the sulphide of tin must be 
resorted to of necessity, since in the filtration and washing of the sulj)liide, 
no matter whether with pure water or water containing sulphuretted 
hydrogen, a small quantity of tin would inevitably be dissolved. Results 
accurate. 

bb. After Girard.* In order to render the method depending on 
the original separation of the phosphoric acid as phosphate of binoxide 
of tin, applicable in the presence of alumina and sescpiioxide of iron, 
Girard proceeds as follows: having obtained the precipitate as in an, 
consisting of metastannic acid and phosphate of binoxide of tin, together 
with a little })hosphate of sesquioxide of iron and of alumina, and having 
washed it first by decantation, then on a filter, he heats it either at first 
with a small quantity of aijua regia, and then with ammonia and 
sulphide of ammonium, or immediately with sulphide of ammonium in 
excess. The lust process is recommended by O. Baber,! on the ground 
that the former leaves a little phosphoric acid in the precipitate. The 
whole is digested about two hours, and then filtered ; the preci]>itate, 
consisting of sulphide of iron and hydrate of alumina, is washed with 
warm sulphide of ammonium, tlien with water containing a little sulphide 
of ammonium, dissolved m nitric acid, and the solution thus formed 
mixed with the filtrate from the tin jirecipitate which contains the 
principal quantity of the bases. From the sul]>hide of ammonium filtrate, 
which contains bisulphide of tin and phosphate of ammonia, the phos- 
phoric acid is at once precipitated b}' magnesia-mixture. I may add 
that Girard considers 4 to 5 parts tin sufficient for 1 jiart ])hosphoric 
acid. The results afforded by his test-analyses are unexceiitioiiable. 
According to Janovsky,J at least six jiarts of tm must be used. If 
the tin contains arsenic the sulphidi*- of ammonium vsolution should be 
treated according to aa, as direct precipitation with magnesia mixture 
would throw down a little arseniate of magnesia and ammonia with the 
phosphate. 

e. Indirect determ mationy with previous precijiitation as phosyliate of 
hisinvth. 

This method was proposed by Chancel, § and modified by 
Birnbal'M and Cho-inaki |( It is not a{>{>licable in presence of sul- 
phuric or hydrochloric acid and cannot lay claim either to quickness or 
accuracy.lT 

c. Determination as Phosphate of Sesquioividf* of Uranium, 

After Leconte, A. Arendt, and W. Knop.** (Very suitable in 

♦ Compt. rend. 54, 468; Zeitschrift f. aoalyt. Chem. 1, 366. 
t Zeitschr. f. die gesHrcniten Naturwis»eusch. 1864, 293. 

Zeitschr, f. anal. Chetn. 11, 157. 

§ Compt. rend. 50, 416 ; Chem. CeotralbL 1860, 272 ; Compt. rend. 51, 882; 
Chem. Centralb. 1861, 221. 

II Zeitschr. f. anal. Chem. 9, 208. 

IT Compare Holzbebobu, Archiv der Pharm. (2) 116, 37 ; Baber, Zeitschr. f. die 
ges. Naturwise. 1864, 293 ; Girard, Compt. rend. 54, 468 ; Frksemus, Neubaufu, 
and Luck, Zeiteohr. t. anal Chem. 10, 135 ; Adriaansz, ibid, 10, 473. 

** Leconte was the first to recommend the method of precipitating phosphoric 
acid from acetic acid solutions by means of a salt of uranium (Jaiiresb. von Liebto uikI 
Kopp, fttr 1853, 642) ; A. Abendt and \V. Knop have subsequently subjected it to a 
careful and searching examination (them. Ceiitralbl. 1856, 769, 803 ; ana 1857, 177). 
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presence of alkalies and alkaline earths, but not in presence of any 
notable amount of alumina; in presence of sesquioxide of iron, the 
method can be applied only with certain modifications).* Where it is 
possible, prepare an acetic acid solution of the salt. If you have a nitric 
or hydrochloric acid solution, remove the greater portion of the free 
acid by evaporation, add ammonia until red litmus paper dipped into it 
turns very distinctly blue, and then redissolve the precipitate formed in 
acetic acid. If mineral acids were present, add also some acetate of 
ammonia ; this addition is beneficial under any circumstances. Mix the 
duid now with solution of acetate of sesquioxide of uranium, and heat 
the mixture to boiling, which will cause the phosphoric acid to separate, 
in fonn of pale greenish-yellow phosphate of sesquioxide of uranium 
and ammonia. 

Wash the precipitate, first by decantation, boiling up each time, 
then by filtration ; the operation may be materially I'acilitated by 
adding a few per-cents of nitrate of ammonia to the water. Dry the 
precij)itate, and ignite as directed § 6d. It is advisable to evaporate 
small quantities of nitric acid on the ignited precijntate repeatedly, and 
to re-ignite. The residue must have the color of the yolk of an egg. 
For the properties of the precipitate and residue, see § 9d, 4, c. Should 
it be necessary to dissolve the ignited residue again, for the purpose of 
rejirecipitating it, this can be done only after fusing it with a large ex- 
cess of mixed carbonates of soda and potassa, and thereby converting 
the pyroj)hos])horic into tn basic phosphoric acid. Results accurate; 
compare the test-analyses given by the authors, Expt. No. 81, and 
Kissel^s experiments.! 

d. DeUrmination m Basic Phosphate of Sesquioxide of Iron, 
a. Mix the acid fluid containing the phos})horic acid with an excess of 
solution of sesquichloride of iron of known strength, add, if necessary, 
suiheient ammonia to neutralize the greater portion of the free acid, mix 
with acetate of ammonia in not too large excess, and boil. If the quantity 
of solution of sesquichloride of iron added was sufficient, the precipitate 
must be brownish-red. This precipitate consists of basic phosphate and 
basic acetate of sesquioxide of iron, and contains the whole of the phos- 
phoric acid and of the sesquioxide of iron. Filter off* boiling, wash with 
boiling wmter mixed with some acetate of ammonia, dry carefully, and 
ignite in a platinum crucible with access of air (§ 58). Moisten the 
residue left upon ignition with strong nitric acid, evaporate this at a 
gentle heat, and ignite again. Should this operation have increased 
the weight, which, however, is not usually the case, it must be repeated, 
until the weight remains constant. Deduct from the weight of the 
residue that of the sesquioxide of iron contained in the solution added ; 
the difference is the jihosphoric acid. 

i Tliis modification of Schulze’s method w^as first recommended by 
liiLLER ;I it has been adopted also by Way and Ogston, in their 
analyses of ashes.§ Muller’s improvement consists in the use of 
a solution of sesquichloride of iron of known strength, whereby the 
estimation of the sesquioxide of iron in the residue (which would have 
to be effected in the manner described § 113, 3) is dispensed with.] 

* Chem. Centralbl. 1857, 182. + Zeitschr. f. anal Cbem. 8, 167. 

X Joum. f. prakt. Chem. 47, 341. 

§ Journal of the itoyal Agriouliural Society, viii. part i. 
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J. W eeren’s method, suitable for the estimation of the phosphoric 
acid in phosphates of the alkalies and alkaline earths.* Mix the nitric 
acid solution of the phosphate under examination, which must contain no 
other strong acid, with a solution of nitrate of sesquioxide of iron of known 
strength, in sufficient proportion to insure the formation of a basic salt 
(3 or 4 parts of sesquioxide of iron should he added for 1 part of 
phosphoric acid); eva})orate to dryness, heat the residue to ICO®, 
until no more nitric acid fumes escape, treat with hot water containing 
nitrate of ammonia until all nitrates of the alkalies and alkaline earths 
are removed, collect the yellow-ochreous ]>recij)itate on a filter, dry, 
ignite (see § 53), weigh, and deduct from the weight the quantity of 
sesquioxide of iron added. LATSCHiNOWf recommends heating the 
residue to 200°, warming with w^ater and a few drops of sulphuric acid, 
adding ammonia and then treating with hot solution of nitrate of 
ammonia. He says that the phosphoric acid is thus more completely 
separated, and the precipitate may he more readily filtered off. 


€. Determimtion as Basie PhospJtate of Magnesia (3MgO,POg). 

(Fii. Schulze’s method, suitable more ])articularly to effect the 
separation of phosphoric aci(l from the alkalies.J) 

Mix the solution of the alkaline phosphate, which contains chloride 
of ammonium, with a weighed excess ot pure magnesia, evaporate to 
dryness, ignite the residue until the chloride of ammonium is expelled, 
and separate the magnesia, which is still present in form of chloride of 
magnesium, by means of oxide of mercury (§ 104, 3, h). Treat the 
ignited residue with water, filter the solution of the chlorides of the 
alkali metals, wasli the precipitate, dry, ignite, and weigh. The excess 
of weight over that of tlie magnesia used shows the quantity of the 
phosphoric acid, liesults satisfactory. 

f ScH Losing’s metliodj does not appear to offer any advantages. 
The iihosphate is mixed with silica and ignited in carbonic oxide, the 
expelled phosjihorus being taken up by co}>|>er or nitrate of silver. 


g* Determination hg Volumetric Analysis [With Uranium Solution). 

This method was recommended originally by Leconte.|| It was 
improved and described in detail by Neubaueh,1[ and was afterwards 
recommended by Pincus,** and subsequently by BoDEKER.ft f'he 
j/rinctple of the method is as follows : acetate of sesquioxide of uranium 
precipitates from solutions rendered acid by acetic acid, phosphate of 
sesquioxide of uranium, or — in the presence of considerable quantities 
of aramoniacal salts — jdiosjdiate of sesquioxide of ui anium and ammonia. 
The proportion between the uranium and the phosphoric acid is the 
same in both coinjxmnds. Both compounds when freshly j>recij)itated 
and suspended in water are left unchanged by ferrocyanide of jiotassium ; 
acetate of sesquioxide of uranium, on the other hand, is indicated by 

* Journ. f. prakt. Chem. 67, 8. f Zeitschr. f. anal. Chem. 7, 213. 

X Journ f. prakt Chem. 63, 440. 

§ Zeitschr. f. anal. Chem. 4, 118, and 7, 473. 

II Jahresber. von Liebig u, Kopp, fttr 1863, 642. 

^ Archiv fur wissensohaftliche Heilkunde, 4, 228. 

** Journ. f. prakt Chem. 76, 104. 
ft Annal. d. Chem. u. Pharm. 117, 195. 



PHOSPHORIC ACID. 


§ 134.] 


Sid 


this reaj^ent with great delicacy, insoluble reddish-brown ferrocyanide 
of uranium being precipitated. 

According to Neubauer* the following solutions are employed : — 

a, A solution of phosphoric acid (f hnown strinf/th. Prej)ared by dis- 
solving 10’085 grm. pure, crystallized, uneffloresced, powdered, and 
pressed phosjdiate of soda in water to 1 litre. 50 c.c. contain *1 grm. 
POg. It is well to control this solution by evaporating 50 c.c. in a 
weighed platinum dish to dryness, igniting strongly, and weighing. 
The weight should be *1874- grm. 

h. An add solution of acetate of soda. Prepared by dissolving 100 grrri. 
acetate of soda in 900 water, and adding acetic acid of 1*U4 sp. gr. W) 
1 litre. 

c. A solution, of acetate {or nitrate) of sesquioxide of uranium (§ 63, 8). 
This is standardized by means of the phosj)bate of soda solution. 1 c c. 
indicates *005 grm. PO^. The solution is made at first a little stronger 
than necessary, so that it may contain in the litre say 22 grm. Ur/^a 
(corresponding to 82*5 grm. Ur./)^,A + 2 aq. or 84 grm. Ur/)g,A 4 8 aq.), 
its value is determined, and it is diluted aci-ordingly. To determine ns 
value proceed as follows : transfer 50 c.c. of the a solution to a beaker, 
add 5 c.(;. of the b solution, and heat in a water-bath to 90 — 100°. 
JNow run in uranium solution, at first a large (juantitv, at last in J c.c., 
testing after each addition whether the precipitation is finished or not. 
For this purpose spread out one or two dro])s of the mixture on a white 
porcelain surface and introduce into the middle, by means of a thin 
glass rod, a small droji of freshly prepared ferrocyanide of potassium 
solution or a little of the powderinl salt. As soon as a trace of excess 
of acetate of uranium is present, a reddish-brown s])ot forms in the dro]», 
which, surrounded as it is by the colorless or almost colorless fluid, may 
be very distinctly perceived. When the final reaction has just ajipeared, 
heat a few minutes in the water bath and re]>eat the tChting on the 
porcelain. If now the reaction is still plain the experiment is contduded. 
If the uranium solution hud been exactly of the re<]uired strength, 20 
c.c. would have been used ; but it is actually too concentrated, hem e 
less than 20 c.c. must have been used. Suj)pose it was 18 c.c., then 
the solution will be right, if for every 18 c.c. we add 2 c.c. of water. 
If in this first exjieriment we find that the solution is much too strong, 
the solution is diluted with somewhat less water than is properly 
speaking reipiired, another experiment is made, and it is then diluted 
exactly. 

The actual analysis must be made under as nearly as jiossible similar 
circumstances to those under wdiich the standardizing of the uranium 
solution was performed, esjiecially as regards the acetate of soda. 
This salt retards the precipitation of uranium In^ ferrocyanide of jiotas- 
sium, hence the test drop on tlie porcelain jdate becomes darker and 
darker. The analyst should accustom himself to observing the first 
appearance of the slightest brownish coloration in the middle of the 
drop, and should take this as the end-reaction. It need hardly be addeil 
that the same person must make the analysis who has standardized the 
solution (Neubauer). 

The method is applicable to free phosphoric acid, alkaline jihosphates, 
and phosphate of magnesia, also in the jiresence of small quantities of 


* HU ADleiiuHg zur Harnaualyae, 6 Aufl. 171> 
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the phosphates of other alkaline earths, but cannot be employed in 
presence of sesquioxide of iron and alumina. Dissolve the substance 
in water or the least possible quantity of acetic acid, add 5 c.c. of the h 
solution, dilute to 50 c.c., and proceed with the addition of uranium as 
above. The results are very satisfactory. Compare Kissel^s experi- 
ments.* If the above process is followed in the presence of much lime, 
for instance with a solution of basic phosphate of lime in dilute acetic 
acid, the results are almost always too low, as a little phosphate of lime 
is liable to sej)arate when the fluid is heated. Tliis difficulty may be 
easily obviated by adding the phosphate solution to the uranium, till 
ferrocyanide of potassium ceases to give a reaction (R. Fresknius, 
Neubaukr, and Luck)!. The operation of standardizing the uranium 
will then take the following form. 

Transfer 2b c.c. of the uranium solution to a beaker, add 5 c.c. of 
the acetate of soda and 3 c.c. acetic acid of T04 sp. gr., heat in the 
water-bath and run in the standard phosphate of soda from a burette, 
till a drop taken out just ceases to give a reaction with a little powdered 
ferrocyanide of potassium on a porcelain plate. After each fresh 
addition of phospiiate, replace the beaker in the boiling water and wait 
a few minutes before testing. Of course the phosphate may be added 
without fear as long as the fluid remains yellowish. In making the 
analysis take care that the lime solution does not contain too large an 
excess of acetic acid, that its state of concentration does not differ 
greatly from that of the standard phosphate of soda, and that its total 
quantity is known before the burette is filled. 

There are other volumetric methods proposed by Fleischer! (with 
alumina), and Schw’arzS (with lead). The latter depends on a correct 
principle, and is sufficiently exact for neutral fluids ; but, the presence of 
acetic acid being injurious, its use is extremely limited. See ¥r. Mohr.H 

II. Separation of Phosphoric Acid from the Bases. 


a. Front the Alh alien (see also d. h, u, i), 

a. Add chloride of ammonium, or hydrocliloric acid, then acetate of 
lead, exactly, till no more precipitate is produced, and lastly some juire 
carbonate of lead (prepared by precipitating acetate of lead with car- 
bonate of ammonia, Baber^), allow to digest fur some time, filter off the 
precipitate consisting of phosphate, chloride, and carbonate of lead, 
wash, precipitate from the filtrate the slight excess of lead by sulphu- 
retted hydrogen, filter and evaporate with hydrochloric acid (in the 
case of lithia, sulphuric acid). If the phosphoric acid is to be esti- 
mated in the same portion, proceed with the first precipitate (after 
washing to remove the larger quantity of chloride), according to b. 

/3. (Only applicable in the case of fixed alkalies). Separate the 
phosphoric acid as phosphate of sesquioxide of iron, according to one of 
the methods given § 134, d. Or if you do not wish to estimate the 

* Zeitschr. f. aDal. Chem. 8, 167. t lb. 10, 147. 

+ Ih. 4, 19 and 6, 28. 

§ Dingler’s polyt. Journ. 169, 289 ; ZeitJtcbr. f. anal. Chem. 2, 392. 

II Zeitschr. f. anal. Chem. 2, 256. 

H Zeitschr. f. die ges. Katurwiss. 1864, 298; Zeitschi. f. anal. Chetu. 4, 120. 
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phosphoric acid it is very convenient to acidify with hydrochloric acid, 
add sesquichloride of iron, dilute rather considerably, add ammonia 
till the fluid is neutral, and boil ; all the phosphoric acid will then 
separate with the basic sesquichloride of iron as phosplmte of iron. 
The separation of phosphoric acid may also be effected as basic phos- 
phate of ma^esia (§ 134, a). The alkalies are contained in the filtrate 
as nitrates or chlorides. 

b. From Baryta^ Strontia^ Lime^ and Oxide of Lead, 

The compound under examination is dissolved in hydrochloric or 
nitric acid, and the solution precipitated with sulphuric acid in slijiht 
excess. In the sei)aration of phosjihoric acid from strontia, lime, and 
oxide of lead, alcohol is added with the sulphuric acid. The phosphoric 
acid in the filtrate is determined according* to § 134, a, after removal 
of the alcohol by evaporation. The determination of the phosphoric 
acid is effected most accurately by saturating* the fiiiid with carbonate 
of soda, evaporating to dryness, and fusing the residue with the car- 
bonates of soda and potassa. The fused mass is then dissolved in water, 
and the further process conducted as in § 134, Z/, a. 

c. From Ma/ftiesia (see also d, hj 7/, 7). 

Add sesquichloride of iron in sufficient excess, dilute, add excess of 
carbonate of baryta, allow to remain for several hours with frequent 
stirring, filter and seT)arate magnesia and baryta in the filtrate after 
§ 154. 

d. From tbc wlioU of the AUt aline Earths and fxed Alkalies (comp. 

hj hy 7^. 

a. Dissolve in the least possible quantity of nitric acid, add a little 
chloride of ammonium, precipitate exactly with acetate of lead, add a 
little carbonate of lead (jirecijutated), digest, filter, precipitate the excess 
of lead rapidly from the filtrate by sulphuretted hydrogen, filter and 
determine the bases in the filtrate. Kesults good. 

fi. Dissolve in water, and — in the case of alkaline earthy phosphates 
— the least possible nitric acid, add neutral nitrate of silver and 
then carbonate of silver, till the fluid reacts neutral. All phosphoric 
acid now separates as dAgOjPOg. Warming is unnecessary. Filter, 
wash the precipitate, dissolve it in dilute nitric acid, precipitate the 
silver with hydrochloric acid, and determine the ])hosphoric acid in the 
filtrate according to § 134, 7^, a. The filtrate from the phosphate of 
silver is freed from silver by hydrochloric acid, and the bases are then 
determined according to the methods already given (G. Chancel*). 
A good and convenient method unless the proportion of alkali is very 
large. (If the substance contains alumina or sesquioxide of iron, these 
buses are completely precipitated by the carbonate of silver, and are 
found mixed with the phosphate of silver.) 

y. Separate the phosphoric acid as phosphate of sesquioxide of 
uranium (§ 134, c), and the excess of sesquioxide of uranium from the 
alkaline earths, <fec. in the filtrate, according to §§ 160 and 161, Supple- 
ment. Kesults ^ood. ^ 

b. Separate the phosphoric acid according to § 134, dj a or The 


* Compt. rend. 49, 997. 
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alkaline earths are obtained in solution in the first case, as chlorides, 
together with alkaline acetate and chloride; in the second case as nitrates. 
Results good. 

e. From Alumim. 

The best method of se])aratin^ phosphoric acid from alumina is that 
depending on precipitation by molybdate of ammonia (/). The se])arution 
of the acid as phosjdiate of binoxide of tin (/<, a) is also satisfactory. 
The older methods are now scarcely ei’er employed, and T will therelbre 
only briefiy describe the two which were formerly most in use. 

a. Otto’s metliod. The fiuid is mixed Avith tartaric acid and 
ammonia, and the jdiosphoric acid is precipitated Avith magnesia-mixtui e. 
It is very difficult, even by repeated precipitation, to obtain a precipi- 
tate free from alumina. On the other hand, a small part of the jdios'^ 
phoric acid remains in solution. Compare Ilyren,* F. Knapr,! and 
K. Pribram.I 

jS. After Berzelius. Pulverize the compound very finely, mix 
with about parts of pure silicic aci(4 and () ])arts of carbonati* of 
soda, in a platinum crucible, and expose for lialf an hour to a strong- 
red heat. Macerate tlie ignited mass in water, add bicarbonate of 
ammonia in excess, digest for some time, then filter aiul wash. On the 
filter you haA^e now silicate of alumina and soda, in the solution phos- 
f)hate of soda, bicarbonate of soda, and carlionate of* ammonia. (Were 
the solution filtered before the addition of the bicarbonate of ammonia, 
it would contain also some of the alumina.) Determine the })hosj)horic 
acid in the solution as directed in § 134, by a, and se])arate and deter- 
mine the alumina in the insoluble residue in the manner described § 140. 
The method is truuldesome and tedious, the j)recij)itate being* difficult 
to wash; but the results are accurate. Compare Schaa^eitzer.|| 

f. From SrsquwxuJr of Chrommm, (see also //, /(*, /). 

Fuse Avith carbonate and nitrate of soda, and sej^arate the chromic 
acid and phosjihoric acid in the manner described § 100. 

g, Prmn tlm Mrtallic Oxides of fhc Fmirth Grovp (see also A, ky /). 

a. I'he method so often used of fusing with carbonate of soda does 
not give accurate results on account of the constant presence of some 
phosphoric acid in the w^ashed residue. Compare W. SchweikertIF 
and G. Schweitzer.** The former has studied the sejiaration of oxide 
of zinc from phosphoric acid by this method, the latter the separation 
of sesmiioxide of iron. 

Dissolve in hydrochloric acid, add tartaric acid, chloride of ammo- 
nium and ammonia, and finally, in a flask Avhich is to be closed after- 
wards, sulphide of ammonium, put the flask in a moderately warm place, 
allowing the mixture to deposit until the fluid appears of a yellow 
color, without the least tint of green ; filter, and determine the metals 
as directed in §§ 108 to 114. The phosphoric acid is found from the loss 

* Joum. de Pharm. 21, 28. *t Zeitschr. f. anal Chem. 4, 151. 

X Vierteljahiesschr. f. prakt. Pharm. 16, 184. 

§ The lafest j is to use artificially prepared silicic acid. 

II Zeitschr. f. anal Chem. 9, 89. 

^ Anual. d. Chem. u. Pharm. 145, 57 ; Zeitschr. f. anal. Chem. 7, 246. 

** Zcitschr. f. anal. Chem. 9, 84. 
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or determinod according to § 134, h, a. The magnesia-mixture may 
immediately he added to the filtrate, which contains sulphide of ammo- 
nium. The washed precipitate is redissolved in just sufficient liydro- 
cliloric acid, and the solution reprecipitated by ammonia with addition 
of* maj^nesia-mixture. This method is not well adapted for phosphate 
of nickel. 

h. From Mrtallixi Oxides of the Sfxond^ Th.ird^ and Ftmrtli Grmips. 

a. More especially from the alkaline earths, alumina, the oxides of 
manf»*anese, nickel, cohalt, and zmv. ; also from sesquioxide of iron, if 
the quantity of tlie latter is n(»t too considerahle. 

The ])hosphoric acid is preciyntated as jdiosphate of hinoxide of tin, 
according* to § 134, />, 5, aa, Tlie filtrate' contains the bases free from 
any fonu^-n ]) 0 (ly requirinyi: removal, which, of course, ^-reatly facilitates 
their (‘stimation.* Keissjo obtained very satisfactory results liy this 
method. In sejiaratiiii*; phosjihoric acid in tlie yiresem^e of sesquioxide 
of iron and alumina by means of tin, (1 in Aim’s yirocess (§ 134, 5, hb) 

s loiild be adoptc'd. 

Af. IVom sesijuioxide of iron, alumina, alkaline earths, and all other 
oxides not jirocipitahle by carbonate of baryta (H. Hose). 

Mix the hydrochloric acid solution — after removing- the free acid as 
far as la-actnaible by eva})oration, and subsequently neutralizing- it 
partly by carbonate of soda — with carbonate of baryta m excess, let the 
mixture digest some days in the cold, filter, and wash with cold water. 
The precipitate contains the whole of the ])bosphoric acid in combi- 
nation with sesquio\id(‘ of iron, alumina, baryta, and also the excess of 
carbonate of baryta, used. The other bases are in the filtrate. The 
])reciy)itate isdissohed in the L-ast possible (juuntity of dilute hydro- 
chloric acid, the baryta cautiously ju-eciyutated with sul}>buric acid and 
filtered ofi‘, the filtrate saturated with carbonate of soila. and eva]M)- 
rated to dryness with the ]n-eciy>itate m it; the residue is mixed ^Mt]l 
an eijual (juaiitity of ])un‘ silicic acnl, and six times as mmdi carbonate 
of soda, and the mixture Inaited in a large platinum crucible, coninienc- 
ing- with a g'c'ntle heat, which is then g-radually increased to a very liig-li 
deg*ree of intensity. The remainiiig- ojierations are conducted exactly 
as directed in /*, (i. 

y. From sesquioxide of iron in large yiroyiortion and in presence of 
alkaline earths (FuKSKNU^sf). 

The determination of the ydiosydioric acid in such compounds may, 
indeed, be accomydished by the method given in § 134, d^ but the 
seyiaration by these methoils, of a small (|uantity of yiliosydioric acid 
from a very large proportion of sescyuioxide of iron is a most tedious 
ojieration ; it is therefore yireferable in cases of the kind to yiroceed as 
follows : the hydrochloric acid solution is heated to boiling, then 
removed from the lamj), and solution of sulphite of soda add('d, until 
carbonate of soda produces a nearly white yirecijiitate ; the mixture is 
then boiled until the odor of sulydiurous acid has gone ofi* ; the excess 
ol’ free acid which might still be present is nearly neutralized with 
(larbonate oi‘ soda, a tew drojis of chlorine water are added, and lastly, 

* If the nitric acid is not concentrated, a little nitrate of protoxide of tin is 
formed, which diHHolves and must aftei wards be precipitated from the acid fluid by 
sulphuretted hydiogeu. Ba.bkk, Zeitschr. f. d. ges. Naturwiss. 18()4, 324. 

t Journ. f. prakt. Cbem. 45, 258. 
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acetate of soda in excess. The minutest quantity of phosphoric acid 
shows itself at once by the formation of a white j)recipitate of phosphate 
of sesquioxide of iron.* More chlorine water is now addea, drop by 
drop, until the fluid appears reddish ; it is then boiled until the pre- 
cipitate has well subsided ; the latter is filtered ofl‘ hot, and washed 
with hot water mixed with a little acetate of ammonia. The precipitate 
contains the whole of the jdiosplioric acid, toj»-ether with a small portion 
of the iron ; the filtrate contains the greater portion of the latter, 
tog-ether with the alkaline earths. The precijiitate is treated as directed 
in /, that is, the phosphoric acid is first se])arated from the nitric acid 
solution by molybdate of ammonia, and tlie iron and alumina are then 
precipitated from the filtrate b}^ sulphide of ammonium. If the jire- 
cipitate is free from alumina, it may also be ignited, weighed, and the 
iron in it determined in the volumetric way (§ IKl), in which case the 
phosjihoric acid is found from the loss. This method may be varied in 
many ways ; thus the sesqiiichloride of iron may be reduced by sulphu- 
retted hydrogen, the excess of the latter being expelled by carbonic 
acid, and again the precipitation of the jdiosphate of iron may be effected 
by digestion with carbonate of lime (free from ]>lios])horic acid). If you 
j)reci})itate the phos])hate of iron by sesquicarbonate of ammonia you 
must do so at a temjjerature below 21°, otherwise a little phosphoric 
acid will remain in the filtrate (SpiLLi:nt). 

i. From tJie Metals of the Fifth and Sixth Grovps, 

Dissolve in liydrochloric or nitric acid, precij)itate with sulphuretted 
hydrogen, filter, determine the bases by the methods given in §§ 115 to 
12r, and the pho.sphoric acid in the filtrate by the method described 
§ 184, h, a. From oxide of silver the phosjdioric acid is separated in a 
more simple way still, by adding hydrochloric acid to the nitric acid 
solution ; from oxide of lead it is separated most readily by the method 
described in h, 

h. From all Bases, except the Oxides of Mercarp (II. Rose). 

The phosphoric acid is separated as jihosphate of suboxide of mercury 
by Rose’s method (§ 184, h, y). 

a. If the substance is free from iron and alumina^ the filtrate from the 
phospliate of suboxide of mercury contains all the bases as nitrates, 
together with much nitrate of suboxide of mercury, and occasionally 
also some oxide. The former is removed by the addition of hydro- 
chloric acid. The precipitated subchloride of mercury is free from other 
bases. If only a slig-ht precipitate is ])roduced by hydrochloric acid, 
add ammonia before filtering. The bases in the filtrate are determined 
in the usual way. If the mercury has been separated by ammonia, the 
precipitate is dried and ignited (under a chimney with g-ood draught). 
Should a residue remain, this must be examined. If it consists of 
phosjihates of the alkaline earths, the treatment with mercury and nitric 
acid must be repeated ; if, on the contrarj^, it consists of pure magnesia 
or of carbonates of the alkaline eartlis, it is dis.solved in hydrochloric 
acid, and the solution added to the fluid containing the chief portion of 
the bases. The following method is often advantageously resorted to 

* Silicic Acid and arsenic acid produce a similar precipitate, and must therefore, if 
present, be previously removed. 

+ Journ. of Cbem. Soc. (2) 4, 148. 
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instead of the one described : the filtrate from the phosphate of sub- 
oxide of mercury is evaporated to dryness, in a platinum dish, and the 
residue ignited, in a platinum crucible, under a chimney with good 
draught. If alkaline nitrates are present, some carbonate of ammonia 
must be added from time to time during the process of ignition, to 
guard against injury to the crucible from the formation of caustic alkali. 
The ignited residue is treated, according to circumstances, first with 
water and then with nitric acid, or at once with nitric acid. 

7f the sibbstancf contains iron hut not alumina, the greater part of the 
iron is left undissolved with the phosphate of suboxide of mercury. The 
dissolved part is separated from the other bases by the methods given 
in Section V. ; the undissolved part is obtained, after ignition of the 
residue with carbonate of soda and potassa and treating the ignited 
mass with water, as sesquioxide of iron containing alkali (and gene- 
rally also some pliosplioric acid). This is dissolved in hydrochloric 
acidi, and precipitated with ammonia. 

y. If the substance contains alumina the process just given cannot be 
used, as phosphate of alumina is not decomjiosed by fusion with car- 
bonated alkali, while nitrate of alumina, like nitrate of sesquioxide of 
iron, is decomposed by simple eva])orat]on. In tins case proceed as 
follows : Dissolve the substance in the least quantity of nitric acid, 
precipitate hot with nitrate of suboxide of mercury, add a little nitrate 
of protoxide of mercury, and then jmre jxitash or soda, till a per- 
manent red preci})itate appears. The j)reci])itate contains no alumina, 
it is to be treated according to a or ^ (H. Kose, E. E. Munkoe*). 

I, From all Basses without r.Tce])fion, 

Apply Sonnenschein’s method (§ 184, h, ^), and in the filtrate 
from the phosjdio- molybdate of ammonia separate the bases from the 
molybdic acid. As molybdic acid comjiorts itself with sulphuretted 
hydrogen and sulphide of ammonium like a metal of the sixth group, 
it is best to yirecijjitate metals of the sixth and also of the fifth group 
from acid solution with sulphuretted hydrogen, before proceeding U) 
preci})itate the phosphoric acid with molybdic acid ; the latter will then 
have to be separatea only from the metals of the first four groups. This 
is done in the following manner : mix the acid fluid, in a flask, with 
ammonia till it acquires an alkaline reaction, add sulphide of ammonium 
in sufficient excess, close the mouth of the flask, and digest the mixture. 
As soon as the solution appears of a reddish-yellow color, without the 
least tint of green, filter off the fluid, winch contains sulphide of 
molybdenum and ammonium, wash the residue with water mixed with 
some sulphide of ammonium, and separate the remaining metallic sul- 
phides and hydrated oxides of the fourth and third grouyis by the 
methods which will be found in Section V. Mix tlie filtrate cautiously 
with hydrochloric acid in moderate excess, remove the suljihide of 
molybdenum according to § 128, d, and determine the alkaline earths 
and alkalies in the filtrate. 

This method of separating the phosphoric acid from the bases is 
highly to be recommended ; especially in cases where a small quantity 
of phosphoric acid has to he determined in presence of a very large 
quantity of sesquioxide of iron and alumina, as, for example, in iron 


Amer. Joum. of Sci. and Arts, May, 1871 ; Zeitschr. f. anal. Cliem. 10, 467. 
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ores, soils, <ftc. As arsenic acid and silicic acid give, with molybdic 
acid and ammonia, similar yellow precipitates, it is necessary, if these 
acids are present, to remove tliem first. 

As the separation of the bases from the large excess of molybdic 
acid used is somewhat tedious, the best wa}’’ is to arrange matters so 
that this process may be altogether dispensed with. Supposing, for 
instance, you have a fluid containing sesquioxide of iron, alumina, and 
])hosphoric acid, estimate, m one portion, by cautious precipitation with 
ammonia, the total amount of the three bodies ; in another portion the 
phosphoric acid, by means of molybdic acid ; and in a third, the ses- 
(juioxide of iron, in the volumetric way. Tlie difference gives the 
alumina. I have already called attention (/i, y) to a method wliich is 
often very ccinvenient, and whicli consists in first separating the phos- 
])horic acid with a small part of the iron, and then determining the acid 
with the iron and alumina in this precipitate. In this way you have 
merely to separate the molybdic a(*id from the minute quantity of iron 
and the alumina, and not from other bases, which greatly simplifies the 
])rocess. 

§ 136. 

2. Bohacic Acid. 


I. Determination, 

Boracic acid is estimated eitlier mdirectly or in the form of horo^ 
fluoride of potassiu m . 

1. The determination of the boracic acid in an aqueous or alcoliolic 
solution cannot be etfected by simjdy eva]M)rating tlie fluid and weigli- 
ing the residue, as a notable portion of the acid volatilizes and is 
carried off with the aqueous or alcoholic vajior. This is the case also 
when the solution is evayiorated with oxide of lead in excess. 

a. Mix the solution of the boracic acid with a weighed quantity of 
jjerfectly anhydrous juire carbonate of soda, in amount about 1 1 times 
the supposed quantity of the boracic acid jiresent. Evaporate the 
mixture to dryness, heat the residue t(» fusion, and weigh, llic residue 
contains a known arnrmnt of soda, and unknowui (piantities of carbonic 
acid and boracic acid. Determine the carbonic acid by one of the 
methods given in § 139, and find the boracic acid from the difference 
(H. Rose). 

b. In the method a, if between 1 and 2 eq. carbonate of soda are 
used to 1 eq. boracii; acid — and this can easily he done if one knowrs 
approximately the amount of the latter present — all the carbonic acid is 
expelled by the boracic acid. Hence we have only to deduct the INaO 
from the residue to find the BO,. As the tumultuous escajie of carbonic 
acid may lead to loss, it is well, after having thoroughly dried the resi- 
dual saline mass, to jiniject it in small portions cautiously into tlie 
red-hot crucible. Results good (F. G. Sohaffgotsch).* 

c. When the amount of acid is quite unknown, and an estimation of 
carbonic acid in the residue is objected to, you may proceed thus. 
Evaporate the solution of the acid with addition of a weighed quantity 
of anhydrous neutral borax free from carbonic acid to dryness, and beat 
the residue to redness with great caution (on account of the intu- 

* Pogg. Ann. 107, 427. 
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mescence) till the weight is constant. The amount of neutral borax 
must be so adjusted that it may not be entirely converted into biborate 
of soda (H. Rose). 

d. If a solution contains besides boracic acid, only alkalies or mag- 
nesia, the acid may be determined, according to C. Marignac,* in the 
following manner Neutralize the solution with hydrochloric acid, 
add double chloride of magnesium and ammonium in such quantity 
that 1 ])art of ])oracic acid may have at least 2 jiarts of magnesia, then 
add ammonia and evay)()rate to dryness. If a precipitate is formed on 
adding the ammonia which does not redissolve readily on warming, add 
more chloride of ammonium. The evaporation is conducted, at least 
towards the end, in a platinum dish, a few drops of ammonia being 
added from time to time. Ignite the dry mass, treat with boiling water, 
collect the insoluble jirecipitate (consisting of borate of magnesia mixed 
with excess of magnesia) on a filter, and wash with boiling water till 
the washings remain clear with nitrate of silver. 'I’he filtrate and wash- 
ings are mixed with ammonia, evaporated to dr}mess, ignited, and 
washed with boiling water as before. 

The two insoluble residues are ignited together in the platinum dish 
before used, as strongly as jiossible, and for a sufficiently long time, 
in order to decompose the slight traces of chloride of magnesium 
that might still be present. After weighing determine the magnesia 
and find the boracic acid from the difference. The estimation of 
the magnesia may be made by dissolving the residue in hydro- 
chloric acid and ])recii)itating as phosphate of magnesia and ammonia, 
or more quickly, and almost as accurately, by dissolving in a 
known quantity of standard sulphuric acid at a boiling temjierature 
and determining the excess of acid with standard soda (comp. Alkali- 
metry). 

Should a little ])latinura remain behind on dissolving the residue, it 
must be weighed and subtracted fi-om the w^eight of the whole (unless 
the dish was weighed first). Results satisfactory. Mahignac obtained 
in two exjierimeiits instead of *280. 

2. If boracic acid is to be horoffnoridv of jwta^sium^ 

alkalies only (jireferably only potash) may be present. The jirocess is 
conducted as follows : — Mix the fluid with pure solution of })otas>u, 
adding for each eq. boracic acid supposed to be ])resent, at least I eq. 
jiotassa ; add jiure hydrofiuoric acid (free from silicic acid) in excess, 
and evajiorate, in a platinum dish, on the water-hath, to dryness. The 
fumes from tlie eva])orating* fluid should redden litmus paper, other- 
wise there is a deficiency of hydrofluoric acid. The residue consists 
now of KFyBPg and KF,HP. " Treat the dry saline mass, at the 
common temjierature, with a solution of 1 part of acetate of jiotassa 
in 4 jiarts of water, let it stand a few hours, with stirring, then decant 
the fluid portion on to a weighed filter, and wash the jirecipitate repeat- 
edly in the same way, finally on the filter, with solution of acetate of 
potassa, until the last rinsings are no long'er preeijiitated by chloride of 
calcium. By this course of proceeding, the hydrofluate of fluoride of 
Tiotassium is removed, without a jiarti cl e of the borofluoride ofjiotassium 
being dissolved. To remove the acetate of potassa, wash the precipitate 
now with spirit of wine of 78 per cent., dry at 100°, and weigh. As 

* Zeitsebr. f. anal. Cbem. 1, 405. 
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chloride of potassium, nitrate and phosphate of potassa, salts of soda, 
and even, though with some difficulty, sulphate of potassa, dissolve in 
solution of acetate of potassa, the presence of these salts does not 
interfere with the estimation of the boracic acid; however, salts of soda 
must not be present in considerable proportion, as fluoride of sodium 
dissolves witn very great difficulty. The results obtained by this 
method are satisfactory. Sthomeyer’s experiments g*ave from 97*5 to 
1007 instead of 100. When the amount of alkali salt to be removed is 
very large, the saline mass left on evaporation should be warmed with the 
solution of acetate of potassa, allowed to stand 12 hours in the cold and 
then filtered. In this way the quantit}^ of acetate of potassa required will 
be much reduced. For the composition and properties of borotiuoride of 
potassium, see § 93, 5. As the salt is very likely to contain silicofluoride 
of potassium it is indisjiensable to test it for that substance; this is 
done by jdacing a small sanijile of it on moist blue litmus jiaper, and 
putting another sample into cold concentrated suljdiuric acid. If the 
blue paper turns red, and eflervescence ensues in the sulphuric acid, the 
salt is inqiure, and contains silicofluoride of potassium. To remove 
this impurity, dissolve the remainder of the salt, after w’eighing it, in 
boiling water, add ammonia, and evaporate, redissolve in boiling water, 
add ammonia, Ac., repeating the same cqieration at least six times. 
Finally, after warming once more wdth ammonia, filter ofl* the silicic 
acid, evaporate to dryness, and treat again with solution of acetate of 
jiotassa and alcohol (A. Strom ever).* I was obliged to modify 
JStromeyer’s method for eflecting the sejiaration of the silicic acid, 
the results of my exj)eriments having convinced me that treating the 
salt only once with ammonia, as recommended by tliat chemist, is not 
sufficient to eflect the object in view'. 


II. Separation of Boracic Acid from the Bases, 
a. From the Alhahes. 

Dissolve a w^eighed (juaiititv of the borate in water, add an excess of 
hydroihloric acid, and evajjorate the solution on tlie water-bath. To- 
wards tiie end <»f tlie operation add a fi v\ more drops of hydrochloric 
acid, and keej» tlie residue on the w’ater-bath, until no more hydrochloric 
acid vapors escape Determine now the chlorine in the residue (§141), 
calculate from this the alkali, and you wdll find the boracic acid from the 
difll i eiice. 

E. S. hweizer, w itli wdioni this method originated, states that it 
gave him very satisfactory results in the analysis of borax. It will 
answer also fur the estimation of the bases in the case of some other 
borates. It is self-evident that the boracic acid may be estimated, in 
another portion of the salt, by I., 1, c, or 2. If you liave to estimate 
boracic acid in jire.^ence of large proportions of alkaline salts, make the 
fluid alkaline with ])otas>a, evaporate to dryness, extract the residue 
w^irh alcohol and some hydrochloric acid, add solution of jiotassa to 
strongly alkaline reaction, distil oft* the sjiirit of wine, and then proceed 
as in I., 1, c, or 2 (Aug. fSTuoMEYEU, loc, cit,) 

LuNGEf determined the soda in bororiatrocalcite alkalimetrically, 
by dissolving the mineral in normal nitric acid (§ 215) and titrating 


Annal. d. Cheui. u. Pbarm. 100, 82. t /6., 188, 53. 
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back with nonnal soda, till the tint of the litmus added becomes 
violet. 


h. From Lime, 

Dissolve in hydrochloric acid in the beat, avoiding too larg'e an 
excess, neutralize with ammonia and precipitate with oxalate of 
ammonia (Lunge, loc, cit,). 


c. From almost all othr Bases except Alhalies. 

The compounds are decomj)osed by boiling* or fusing with carbonate 
or hydrate of potassa ; the precipitated base is filtered off, and the 
boracic acid determined* in the filtrate, according to I., 1 d., or 2. If 
magnesia was present, a little of this is very likely to get into the 
filtrate, and — if process I, 2, is employed — upon neutralizing with 
hydrotiiioric acid, this se})arates an insoluble fluoride of magnesium, 
which may either be filtered off at once, or removed subsequently, liy 
treating tlie borofluoride of jiotassium with boiling water, in which that 
salt is soluble, and the fluoride of magnesium insoluble. 

d. From the Metallic Oxides of the Fovrth^ Fifths and Sixth Groups. 

Tlie metallic oxides are precipitated h}^ sul{)huretted hydrogen, or, as 

the case may be, sulphide of ammonium,* and determined by the 
appro]>riate m(»thods. Udie quantity of boracic acid may often he 
inferred from the loss. If it has to be estimated in the direct ^vay, the 
filtrate, after addition of solution of potassa and some nitrate of jiotassa, 
is evaporated to dryness, the residue ignited, and the boracic acid 
estimated by I., 1 </., or 2. In cas(*s where the metal has been pre- 
cipitated by sulphuretted liydrogen from acid or neutral solutions, the 
borai^ic acid may also be determined in the filtrate — in the absence of 
otiier acids— by I., 1 a or h or e, after the complete removal of the 
suljihuretted hydrogen by trausmiiting carbonic acid through the fluid. 

e. From th^ whole of the Fixed Bases. 

A jiortion of the very finely jmlverized substance is weighed, put into 
a capacious jihitinum dish, and digested with a sufficient quantity of 
hydrofluoric a(‘id (which leaves no residue when evaporated in a 
platinum dish) ; jmre concentrated suljihuric acid is then gradually 
added, drop liy drop, and the mixture heated, gently at first, then more 
strongly, until the excess of the siiljihuric acid is comjiletely exjielled. 
In this operation the boracic acid goes off* in the form of fluoride of 
boron (BO 3 -t- 8 IIF I3Fjj + 8110). The residue contains the bases 
in the form of sulphates ; the bases are determined by the ajipropriate 
methods, and the quantity of the boracic acid is found by difference*. 
It is of course taken for granted that the substance is decomposable by 
sulphuric acid. 

* Boracic acid cannot be separated completely from alumina by j.recipitation of 
the hydrochloric acid solution with sulphide of ammonium or with carbonate of am- 
monia (WoHLEu) Ann. d. Chem. u. Pharm, 141, 268. 
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3. Oxalic Acid. 

I. Detrrmimfim. 

Oxalic acid is eitlior precipitated as oxalate of Ivme^ and the latter 
determined as carhmnfe of hme, lime, or sulphate of Ime; or the amount 
contained in a compound is inferred from the quantity of solution of 
permanganate of potassa required to effect its conversion into carbonic 
acid; or from the quantity of g-old which it reduces; or from the 
amount of carbonic acid winch it yields upon accession of 1 eq. oxygen. 

a. Betcrmbmtion as Carbonate of JAme^ 

Preci])itate with solution of acetate of lime, added in moderate 
excess, and treat the ])recipitated oxalate of lime as directed in § 103. 
If tliis method is to yield accurate results, the solution must be neutral 
or slightly acid with acettc acuJ ; it must not contain alumina, sesqui- 
oxide of chromium, or oxides of the heavy metals, more esj^ecially 
sesquioxide of iron or oxide of co])per ; therefore, where these conditions 
do not exist, they must first be sujijdied. 

h. Determination bp means of Solution of Pennanf/anate of Potassa, 

Standardize the solution of permanganate of jiotassa, as directed 
§ lie, 0 cc, by means of oxalic acid; then dissolve the substance 
in about loO c.c. water, or acid and water (sulphuric acid is the best 
acid to use); add, if necessary, a frirther quantity of sulphuric acid, 
(about 0 or 8 c.c. strong sulphuric acid should be present), heat to 
about 60^, and then run in tin* permanganate, with constant stirring*, 
until the fluid just shows a red tint. Knowing* the quantity of oxalic- 
acid which loo c.c. of the standard permanganate will oxidize, asinqile 
calculati(»n will give the quantity of oxalic acid corresjionding* to the 
c.c. of jiermanganate used in the experiment. The results are very 
accurate. 

c. Detenu inat urn from the reduced Gold (H. Kose). 

a. In eompounrls soluble in water. Add to the solution of the oxalic 
acid or tlie oxalate a solution of sodio-terchloride, or ammonio-ter- 
chioride of gold, and digest for some time at a temperature near ebulli- 
tion, with exclu.^ion of direct sunlight. Collect the jirecipitated gold on 
a filter, wa^h, dry, ignite, and w*eigh. 1 eq. gold (190'?1) corresponds 
to 3 eq. C,(h (3 + 30 = 108). 

In coinpmnds insoluble in water. Dissolve in the least possible 
amount of hydrochloric acid, dilute with a very large quantity of wat('r, 
in a capacious flask, cleaned jireviously with solution of soda ; add solu- 
tion of gold in excess, boil the mixture some time, let the gold subside, 
taking care to exclude sunlight, and proceed as in a. 

d. Determination as Carbonic Acid. 

This may be effected either, 

a. By the method of organic analysis ; or 

/3. By mixing the oxalic acid or oxalate with finely pulverized 
binoxide of manganese in excess, and adding sulphuric acid to the 
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mixture, in an apparatus so constructed that the diseng^g*ed carbonic acid 

E asses off perfectly dry. The theory of this method may be illustrated 
y the following* equation : + MnO^ + SO 3 Mn 0,803 + ^CO^. For 

each 1 eq. oxalic acid we obtain accordingly 2 eq. carl)onic acid. For 
the a})j)aratus and process, I refer to the chapter on the examination of 
manganese ores, in the Special Part of this work. Here I may remark 
that free oxalic acid must first be prepared for the process by slight 
8 Uf>ersaturation with alkali free from carbonic acid, and also that 1) 
parts of anhydrous oxalic acid require theoretically 11 j>arts of (jmre) 
oinoxide of manganese. Since an excess of the latter substance does 
not interfere with the accuracy of the results, it is easy to find the 
amount to be added. The binoxide of manganese need not be pure, but 
it must contain no carbonate. This method is exjjeditious, and gives 
very accurate results, if the process is conducted m an apparatus suffi- 
ciently light to admit of the use of a delicate balance. Instead of 
binoxide of manganese, chromate of potassa may be used (compare 
§ IdO, 1 d), and instead of estimating the carijonic acid by loss it may 
be collected in a weighed soda-lime tube (§ 181), e) ; the latter method 
is always to be preferred in the case of small quantities. 

II. Separation of Oxalic Acid from tlis Bases, 

The most convenient way of analysing oxalates is, in all cases, to 
determine in one portion, the acid, by one of the methods given in I., 
in another j)ortion, the base, jiarticularly as the latter object may be 
generally effected by simple ignition in the air, which reduces the salt 
either to the metallic state (c.< 7 ., oxalate of silver), or to pure oxjde (c.y., 
oxalate of lead), or to (carbonate (c.//., the oxalates of the alkalies and 
alkaline earths). In many cases, especially where the base is reduc(ul 
by carljonic oxide and where the correspon<ling carbonate does not give 
up its carbonic acid at all on ignition or only with difiiculty, it is better 
to fuse with vitrified borax (comjiare § 181), II., c). The increase of 
weight in the platinum crucible containing the borax after fusion cor- 
resjHUids to the amount of base ]>rescnt; the loss of w^eight corresponds 
to the oxalic acid, or, as the case may be, to the oxalic acid and 
water. 

If acid and base have to be determined in one and the same portion 
of the oxalate, the following metliods may be resorted to : 

a. The oxalic acid is determined by I., c, and the gold separated 
from the bases in the filtrate by the methods given in Section V. 

h. In many soluble salts the oxalic acid may be determined by the 
method I., a ; separating the bases afterw^ards from the excess of the 
salt of lime by the methods given in Section V. 

c. Many oxalates whose bases are precipitated by carbonate of 
jKitassa or carbonate of soda, and are insoluble in an excess of the 
precijutant, may be decomposed by boiling with an excess of solution of 
carbonate of potassa or carlionate of soda, oxide or carbonate being 
formed on the one, and alkaline oxalate on the other side. 

d. All salts of oxalic acid with the oxides of the fourth, fifth, and 
sixth groups, may be decomposed with sulphuretted hydrogen, or sul- 
phide of ammonium. 
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4. Hydrpfluoric Acid. 

I. Determination, 

Free hydrofluoric acid in aqueous solution* is determined either 
with stancfard alkali or as ^fluonde of calcium. In the latter case car- 
bonate of soda is added in moderate excess, then the solution being* 
boiled, chloride of calcium is added as long as a precipitate continues 
to form ; when the precipitate, which consists of fluoride of calcium and 
carbonate of lime, has subsided, it is washed, flrst by decantation, 
afterwards on the Alter, and dried ; when dry, it is ignited in a platinum 
crucible (§ o»‘t) ; water is then poured over it, in a j)latinum or porcelain 
dish, acetic acid added in slight excess, the mixture evaporated to dry- 
ness on the water-bath, and heated on the latter until all odor of acetic 
acid disappears. The residue, which consists of fluoride of calcium and 
acetate of lime, is heated with water, the fluoride of calcium Altered off, 
washed, dried, ignited (§ 53), and weighed. As a control of the purity 
of the fluoride of calcium it is well to convert it after weighing into 
sulphate. If the precipitate of fluoride of calcium and carbonate of lime 
were treated witli acetic acid, without previous ignition, the washing 
of the fluoride would prove a diflicult operation. Presence of nitric or 
hydrochloric acid in the aqueous solution of the hydrofluoric acid does 
not interfere with the process (H. Rose). 

If. Separation (rf Fluorine from the Metals, 

1. Fluorides Soluble m Water. 

If the solutions have an acid reaction, carbonate of soda is added in 
excess. If there is an odor of ammonia now, heat till the latter is 
expelled. If tlie carbonate of soda produces no precipitate, the fluorine 
is determined by the method given in 1., and the bases in the Altrate 
are separated from the excess of lime, and from the soda, by the methods 
given in Section V. But if the carbonate of soda produces a precipitate, 
the mixture is heated to boiling, then Altered, and the fluorine deter- 
mined in the Altrate by the method given in J. * the base is in the 
residue, which must, however, Arst be tested, to make sure that it 
contains no fluorine. ISeutral solutions are mixed with a sufAcient 
quantity of chloride of calcium, and the mixture heated to boiling, in a 
platinum dish or, but less ajipropriately, in a porcelain dish ; the pre- 
cipitate of fluoride of calcium is allowed to subside, thoroughly washed 
with hot water by decantation, transferred to the Alter, dried, ignited, 
and weighed. The bases in the Altrate are then separated from the 
excess of the salt of lime by the usual methods. That the bases may be 
determined also in separate portions by the methods given in ft, need 
hardly be stated. 

2. Insoluble Fluorides. 

a. Decomposition by Sulphuric Acid (Indirect Estimation of the Fluorine). 

a. Anhydrom Compounds. 

The Anely pulverized and weighed substance is heated for some 

* In analysing fluorides 3^ou must always avoid bringing acid solutions in contact 
with glass or porcelain. If platinum or silver dishes of sufficient size are not at hand 
you may sometimes use gutta-percha vessels, or glass vesbcls coated with wax or 
paraffin. 
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time with pure concentrated sulphuric acid, and finally ig-nited until 
the tree sulphuric acid is completely expelled. In the presence of 
alkalies carbonate of ammonia must be added durinp^ the i^ition. 
The residuary sulphate is weighed, and the metal contained in it 
calculated ; the fluorine is estimated by loss. In cases where we have 
to deal with a metal whose sulphate gives off part of the sulphuric acid 
upon ignition, or where the residue contains several metals, it is neces- 
sary to subject the residue to analysis before this calculation can he 
made. In the case of many compounds, for instance of fluoride of 
aluminium (which after ignition requires prolonged heating with sul- 
phuric acid for its decomposition), long continued strong’ ignition does 
not leave the sulphate, but the base in a pure state, lopaz (a silicate 
of alumina in isomorphous mixture with silicofluoride of aluminium) is 
not decomposed by boiling sulphuric acid, but it is decomjiosed by 
fusion with bisulphate of potassa. 

Hydrated Fluorides, 

A sample of the substance is heated in a tube. 

aa. The Water expelled does not redden Litrmis Paper. Tlie water is 
determined by ignition ; the fluorine and metal as directed in a. 

bb. The Water expelled has an aeld reaction. The substance is treated 
with sulphuric acid as directed in a, o, to determine the metal on the 
one hand, and the water + fluorine on the other. Another weighed 
jiortion is then mixed, in a small retort, with about 6 parts of recently 
Ignited oxide of lead; the mixture is covered with a layer of oxide of 
lead, the retort weighed, and the water expelled by the application of 
heat, increased gradually to redness. No hydrofluoric acid escapes 
in tliis process. The weight of the expelled water is inferred from 
the loss. The first operation having given us the water + fluorine, 
and the second, the water alone, the diflerence is consequently the 
fluorine. 

b. Decomposition by Fusion with AlMline Carbonates. 

Many insoluble fluorides, fluoride of aluminium for instance, may be 
completely decomj)osed by fusion with alkaline carbonate alone, others, 
.such as fluoride of calcium, require the addition of silicic acid. In the 
first case the fluorine is estimated in the aqueous solution of the liision 
according to 1., in the latter according to § 100, 5. The temperature 
must not be too high, or some alkaline fluoride may be lost. 

3. Fluorides completely Decomposable by Sulphuric Acid. 

As mig’ht be inferred from 2, almost all fluorides are decomposed 
by heating with sul})huric acid with evolution of hydrofluoric acid. It 
silica or a silicate is added to the fluoride in sufficient quantity, fluoride 
ol’ silicon and water escape instead of hydrofluoric acid : SiO, + !2HF = Si 
Fj,-f2HO. On this reaction two methods of estimating fluorine are 
based. In the first, which I published some years ago,* the fluoride ot 
silicon is determined by the increase in weight of absorption tubes ; 
this I believe to be in many cases the onl}'^ method which is applicable, 
and when caretully carried out it yields the most accurate results. In 
the second method the fluoride of silicon is determined by the loss ot 
weight of the evolution apparatus or of glass. 

* Zeilschr. f. anal. Chem. 5 , 190. 
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a, Estinuition hy Ahsorptim of the evolved Fhuoride of Silicm. 

The method as here given is the result of a long series of expri- 
ments ; the conditions laid down must be most carefully atteiidea to. 
The fluoride must be in the finest powder. As silicic acid we use 



finely powdered quartz, which has been ignited in the air to destroy any 
organic admixture. The sulphuric acid should have a sp. gr. of 1’848, 
it must be colorless and iree fi*om oxides of nitrogen ana sulphurous 
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acid. The gasometer must be filled with clean air, and not with air 
from the laboratory, for any dust of organic matter, traces of coal gas, 
<fec., would interfere with the accuracy of the result. The apparatus 
required is shown fig. 8?. A contains atmospheric air, h is half filled 
with sulphuric acid, c contains soda-lime with jdugs of wool, d pieces 
of glass moistened with sulphuric acid. The air is thus freed from 
carbonic acid and suspended matter, and dried by sul})liuric acid 
(p. 57). e is the decomposing flask, it has a capacity of about L^50 c.c. 
f is half filled with sulj)huric acid, its cork, which should not fit air- 
tight, bears a thermometer whoso bulb dijis into the acid, e and f 
should be so placed on the iron jilate that the temjieratiire in both may 
be equal, g is empty ; h contains fused chloride of calcium in the fli>t 
limb, and pumice impregnated with anhydrous sulphate of cop]>er in 
the second. These U-tubes serve to retain the small amount of sul- 
phuric acid and the hydrochloric acid which may accomjiany it. The 
chloride of calcium and the sulphate of cojiper must both be anhydrous, 
or they aviII decompose and retain fluoride of silicon, and I are 

the weighed absorption tubes ; they are 10 or 12 cm. high, and about 
12 mm. wide, i contains in the first limb pumice moistened with water 
between jilugs of wool, in the bend and half of the second limb soda- 
lirne, in the upper half of the second limb flised chloride of calcium 
between jdugs of wool. The tube after being charged weighs about 40 
or 50 grin, k completes the absorption ; it is filled half with soda-lime 
and half with fused chloride of calcium. I takes up again the small 
amount of water carried away from i and k ; the bend is filled with 
jueces of glass moistened with sulphuric acid. These absorj)tion tubes 
retain the fluoride of silicon, the carbonic acid which may be possibly 
evolved from the soda-lime by hvdrofluosilicic acid, and the aqueous 
vapor; and the air escapes through the unweighed guard tul^e m into 
the utmos})here. The hitter contains in the first limb chloride of calcium, 
in the second soda-lime. The flexible connexions should not be long, 
and should be washed and dried before use. 

WIkui the apparatus has been tested and found air-tight, jdace the 
weighed and very finely divided substance in c. The substance should 
be free from carbonic acid (§ 166, 8), and the quantity taten should 
give not less than *1 grm. fluoride of silicon if possible. Adil for every 
part of fluoride sujiposed to be present lUor 15 parts of finely powdered 
quartz (jireviously strongly ignited in the air), and then 40 or 50 c.c. 
pure concentrated sulphuric acid. Connect c, on tlie one hand, with dy 
and, on the other, with g, and pass a moderate current of air, w Inch 
should enter the fluid in the decomposing flask from the bottom. 
Heat the iron plate, shake e frequently and raise the temperature very 
gradually, till the thermometer in f indicates 150" to 160". The com- 
mencement of the decomposition shows itself not only by the ajipear- 
ance of bubbles of gas in the fluid, more particularly at the ed;^e, but 
also by the separation of hydrated silica in L The bubbles of gas will 
disappear on shaking the fluid ; as soon as they cease to form again 
remove the lamp ; the time usually occupied in the deconqiosition is 
one hour for small quantities of fluoride (*1 grm.), two or three hours 
for large quantities (1 grm.) After a while snut off* the current of air, 
remove the weighed tubes i, k, and Z, and during the weighing of these 
connect h with m by means of a glass tube. After weighing replace i, 
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ky and ly heat again to 160 or 160®, and pass the air again for half an 
hour or an hour, weighing t, h, and I again. If any alteration of weight 
has occurred, the process must be continued. 

The increase in weight of the absorption tubes, after deducting 
•001 grm. for every hour during wliich the air has been passing {i.e., 
for every 6 litres of air) represents the amount of tluoriae of silicon. 
The small correction is necessary because air, even when it comes in 
contact only AAith short washed pieces of india-rubber, always gives 
traces of sulphurous and carbonic acid wdien passed through hot con- 
centrated sulphuric acid. The results thus obtained are very satis- 
factory, and differ from the truth at the most by a few milligrammes. 


h. Othrr methods of Estimnthip the Fluoride of Silicon expelled, 
a. Method of Wohleh. Only applicable wdien the substance is 
readil}’^ decomposed by sulphuric acid, and the amount of fluorine is 
large. Transfer the very flnel}^ divided substance, if necessary, inti- 
matel}” mixed with 10 or 16 parts of ignited quartz pow^der to a small 
flask, add pure sulphuric acid, close (juickly with a cork fitted with a 
small tube filled wuth fused chloride of calcium (or better still, half with 
fused chloride of calcium and half with anh^'drous sulphate of copper on 
pumice), weigh the whole apparatus as quickly as possible, warm it till 
no more fumes of fluoride of silicon escape, remove the last particles of 
gas in the apparatus by an air pump, allow to cool, and weigh. The 
loss of w’eight indicates the amount of fluoride of silicon. 

/3. Regarding the methods of F. v. Kobell* and Zalesky,! 
depending on the loss of weight of Bohemian glass of known com- 
j>osition, 1 must remark that no direct proofs have been given of their 
accuracy. 


Fourth Division of the First Group of the Adds. 

Carbonic Acid — ^Silicic Acid. 

§ 139. 

1. Carbonic Acid. 


I. "nclermination. 

A. In a mixture of Gase^. 

After thoroughly drying the gases with a ball of chloride of calcium, 
or saturating with moisture (§ 16), measure them accurately in a 
graduated tuhe over mercury, insert a ball of hydrate of potassa,! cast 
on a platinum wire in a pistol bullet-mould, take care that the end of 
the piatmum wire remains under the surface of the mercury, leave m 
the tube for 24 hours, or until the volume of the gas ceases to show 
further diminution ^ withdraw the ball, and measure the gas remaining, 
re-insert the same or a fresh ball of potassa, and repeat till no further 
absorption takes place. The carbonic acid gas is inferred from the 
difference, provided the gaseous mixture contained no other gas liable 
to absorption by potassa (compare §§ 12-16 and 198). In very ac- 

* Jouni. f. prakt. Chem. 92, 385. f Zeitschr. f. anal. Chem. 6, 205. 

^ 1 be urUiiiarj' hydrate is not adapted for the purpose. It should be fused wiih 
a quarter oi lU M^ei^ht of water in a plaiitium crucible. 
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curate analyses you must bear in mind that carbonic acid does not 
exactly follow the law of Mariotte (§ 198, ^). 

If the amount of carbonic acid is very small, this process does not 
yield sufficiently accurate results. In such cases one of the methods 
recommended in ‘‘The Analysis of Atmospheric Air” should he employed. 
Several kinds of special apparatus are in use for the estimation of 
carbonic acid in coal g-as and for the purposes of sug’ar works. I may 
mention those proposed by F. Rudorff* and Lehmann and H. 
WxHLERTf for the first purpose, and by C. SchetblerJ and C. 
Stammer§ for the second. Besides these volumetric methods the 
gTaviraetric processes given bv myself for the analysis of gaseous mix- 
turesll may often he used witn great advantage. These will he found 
in the Special Part. 

h. In Afpiemis Solvtion, 
a. With Hydrate of Lime. 

Into a flask, holding about 300 c.c., put 2*5 to 3 grm. hydrate of 
lime perfectly free from carbonate.lT If you cannot get any lime pure 
enough, determine the carbonic in it according to IJ., c,’ weigh the 
quantity taken, and deduct the carbonic acid in it from the result. 
Provide the flask with a good india-rubber stoj)per, tare or weigh 
exactly, add the ciirbonic acid water with gentle agitation till the flask 
is two-thirds or three-ipiarters full, and close at once. 

In adding the carbonic acid water 
every care must of course be taken to 
guard against loss of carbonic acid. If 
the water flows from a j>ipe, it is 
allowed simply to run in. If it is in 
a jug or bottle, cool it to 4°, and trans- 
fer the quantity required with a sy- 
phon.** If the water is in a basin or 
well, provide the flask with an arrange- 
ment like that showm in fig. 88, dip- 
ping the flask into the water, till the 
upper opening of « ^ is under the sur- 
face. As the water enters through 
this tube, and its carbonic acid imme- 
diately combines with the lime, the 
air escapes by c d. Water which is 
not very ricli in free carbonic acid 
may be removed from the basin or well 
by a plunging-syiihon. 

Now weigh the flask with its stop- 
per again, and you will find the quantity of water taken. No way of 
measuring the water is so accurate in retaining all the carbonic acid 
and in giving the quantity of water taken. 

* Annal. 125, 71. t Zeitschr. f. anal. Chein. 7, 58. 

+ Dingler’s polyt. Journ. 183, 308. § tb. 102, 388. 

II ZeitHchr. f. anal. Cbem. 3, 343. 

^ This is prepared by slaking freshly burnt lime with water in such a manner that 
the hydrate obtained appears dry and pulverulent. It is preserved in small bottles, 
the corks or stoppers of which are covered with sealing wax. 

** If the water is poured ilirectly from the jug into the flask, carbonic acid gas 
is very likely to get mtu the laiter as well as the water. 
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If tliere is much interval between the mixing* of the water and the 
lime and the estimation of the carbonic acid in the precipitate the 
carbonate of lime which is at first amor})hous passes spontaneously into 
the crystalline condition ; but if the carbonic acid is to be determined 
soon after the mixing*, heat for some time on the water bath, raising* the 
stopper occasionally, in order to hasten the change of the carbonate of 
lime. IVow, without disturbing* the jirecijntate, filter the clear fluid 
through a small plaited filter, which will take a very short time, throw 
the filter at once into the flask containing* the piecipitate and the rest 
of the fluid, and jiroceed according to II., e. This process has been in 
use for 10 years in my lalioratory for all mineral water analyses ; it is 
extremely simple, and gives excellent results.* If the water contains 
alkaline bicarbomite })ut a quantity of chloride of calcium suflicient to 
decompose the alkaline carbonate with the lime in the flask before 
adding the water. 

/3. With Chloride of Barium or Chloride of Calcium 
AND Ammonia. 

Mix solution of chloride of barium or chloride of calciumf with 
excess of ammonia, boil for a short time, when a precipitate of carbonate 
of b-aryta or lime will usually fall, allow to deposit, and filter the clear 
fluid while still warm without delay, ex]>osing to the air as little as 
possible. Transfer from 50 to 80 c.c. of this solution, freshly ]n*epared, 
to a flask holding about 300 c.c., and close the latter with an india- 
rubber stoj)])er. For adding the carbonic acid water one of the methods 
given in a is employed. If the water contains only free carbonic 
acid, the mixture remains clear at first, carbamate of ammonia 

(rVH^O,C I ^^COjj), being formed, but if it contains a carbonate 

also, a partial precipitation of carbonate of baryta or lime takes place 
imrnediatel 3 \ As the carbamate of ammonia is but slowly converted by 
the action of w’ater in tlie cold,I j»*articularly in tlie jiresence of free 
ammonia, § the fluid must be heated in order to ])recipitate all the 
carbonic acid in the form of alkaline earthy carbonate. From experi- 
ments of ray own II I have come to the cmiclusion that tlie best way of 
applying heat is to place the fla^k in a tall vessel filled with water, 
keeping it down if necessary with a lead ring, and to boil the water. 
The contents of the flask will thus re*dch a temperature of D8“, and the 
precipitation will be complete in one and a half or two hours. A lower 
heat would require a much longer time, and active ebullition would 
occasion the loss of carbonate of ammonia in consequence of the action 
of chloride of ammonium upon alkaline earthy carbonate. Finally allow 
to cool and ])roceed according to one of the following* methods : — 

aa, GranniHricalhj: Decant the sujiernatant fluid rapidly on to a 
filter, secluded as much as possible from access of air ; fill the flask 
w’ith water containing a few drops of ammonia free from carbonic acid, 
and insert the cork ; shake, allow to deposit, decant again, and rejieat 
this washing by decantation once more ; transfer the jirecipitate now to 
the filter, wash until the last washings remain clear upon addition of 

* Zeitschr. f. anal. Chetn. 2, 49 and 341. 

•f The former should be used if you are going to conduct the subsequent process 
according to aa, the latter if you are going to pruceed according to /jb. 

X Zeitschr. f. anal. Cbem. 5, 321. § Diveus, Journ. Chem. Soc. (2), 8, 359. 

11 Zeitschr. f. anal. Chem. 2, 60. 
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solution of nitrate of silver, dry, ignite gently, and weigh (§ 101, 2, a). 
The amount of the carbonic aci/i may now be calculated from the weight 
of the carbonate of baryta, provided the analysed solution contained, 
besides carbonic acid, no other substance liable to be precipitated by 
ammonia and chloride of barium. But should this not be the case, 
and the precipitated carbonate of baryta contain an admixture of car- 
bonate of lime, phosphate of baryta, sesquioxide of iron, or other such 
substances, the carbonic acid must be determined in the gently ignited, 
but not weighed precipitate, according to one of the methods g*iveii 
in II.; for instance, as directed in II., c (Fusion with borax glass). The 
filter, freed as comjiletely as possible from adhering matter, should 
be incinerated, and the ash moistened with carbonate of ammonia, 
gently ignited and added to the precipitate. If the quantity of the 
])recipirate is very large, it is best first to weigh the whole of it, and 
then to determine the carbonic acid in a weighed portion of the 
uniformly mixed powder. 

If the last particles of the precipitate cannot be removed from the 
flask by mechanical means, they are dissolved in a little dilute hydro- 
chloric acid (the glass having* previously been thoroughly washed), tlie 
solution IS jirecipitated with carbonate of soda, and the trifling jire- 
cipitate formed filtered off* on a separate small filter, which is incinerated 
With the larger one. 

hh. yolumvtnmlhi : Filter as in an \ there is no necessity, however, 
to collect the whole of the precqutate on the filter, as the last particles 
adhering to the inside of the flask may be left and washed by decanta- 
tion. The washing with water containing a few drops of ammonia 
must be continued till the washing’s remain ])erfectly clear witli silver 
solution. Put the funnel with the filter containiiig the preeijatate on 
the dusk in which the precipitation has been etfect(‘d, pierce the point 
of the filter, and rinse tin* jirecqiitate into the fla^k, with the aid of a 
wasiiing bottle. Finally, sjiread the filter out on a glass plate and 
rinse the still adliering ])articles of the precipitate also into the flask — 
this can be done with ease. Since the precipitate, though perfectly 
washed, still retains small quantities of ammonia, in order to expel the 
same, heat the contents of the flask to g*entle boiling for half an hour. 
Add now a little tincture of litmus, and then, from a Mo nil’s burette, 
normal (or, according to circumstances, decmorinal) nitric or hydro- 
chloric acid, until the fluid shows a distinct rial color ; expel the car- 
bonic acid by heat, and then add standard solution of soda until the 
fluid just ai)])ears blue. After noting the number of c.c. of tlie acid and 
soda, add again about 1 c.c. of acid, and, after heating to boiling, 
solution of soda until tlie fluid again just ajipears blue. This operation 
may be re]>eated several times. Jly subtracting the volume of ai'id 
corres])onding to the volume of solution of soda used in the proi*ess 
from the entire volume of acid added in each experiment, you find the 
(juaiitity of acid which has served to expel from the carbonate of lime 
or baryta the carbonic acid, and is accordingly equivalent to the latter. 
For the details of this method, see § 223. As the coloring matter of 
the litmus is sometimes thrown down, along with silicic acid sejiarating 
from the precipitate, it is occasionally found necessary to add again 
some tincture of litmus. If this shoula fail to lead to the desired result, 
solution of soda is added until the reaction is almost complete ; the 
height of the soda solution left in the burette is then read off, the fluid 



884 


DETERMINATION. 


[§ 139. 

diluted to a certain definite volume, and filtered ; one-half the volume 
taken of the clear filtrate and solution of soda very cautiously added 
until the fluid appears blue ; the quantfly of soda solution required to 
effect this purpose is then doubled, and the result added to the quantity 
first used. As a matter of course, turmeric paper may be used here as 
in y, instead of litmus, to determine the commencement of the alkaline 
reaction. 

These methods p-iven under only yield f^'ood results when the 
numerous sources of error are avoided with the greatest care. Usually 
the results obtained are too hig’h, because the clear mixture of chloride 
of calcium and ammonia contains carbamate of ammonia, either from 
this substance not having’ been fidly decomposed before filtering* or 
from carbonic acid being* taken up from the air on filtering*, and in hb^ 
more jiarticularly, a falsely increased result will be oiitained, if it is 
neglected to remove the ammonia adhering* to the ])reci])itate by long* 
boiling* or ignition. These circumstances which tend to raise the 
result are partially com])ensated b}’ the tact that the alkaline earthy 
carbonates are not absolutely in'^oluble in the fluid containing* chloride 
of ammonium and in the wash-water. Again, as already remarked, if 
the mixture of the carbonic acid wat(‘r with chloride of calcium or 
chloride of barium and ammonia be not heated as directed the results 
will fall too low, either through the inijierfect decomposition of the 
carbamate of ammonia by insuflicient heating or through loss of car- 
bonate of ammonia by active ebullition. 

y. After Pettenkoffr.* 

The prill ci])le of rliis simple and expeditious process consists in 
mixing the carbonic acid water with a measured quantity of standard 
lime water (or, under certain circumstances, baryta water) in excess. 
Af^er complete separation of the carbonate of lime or bar}ta, the excess 
of alkaline earth in tlie fluid is determined in an aliquot jiart hy means 
of standard solution of oxalic acid ; the diflcrcnce giv(‘s the lime 
precqiitated by the carbonic acid, and consequently the amount of 
the latter present. 

If a wat<*r contains only free carbonic ai*id, the analyst has only to 
bear in mind— if lime-water is emjdoyed — that the carbonate of lime 
formed is at first, as long as it remains amorjibons, very ]>ercej)tibly 
soluble in water, to which it communicates an alkaline reaction. 
Hence the unjirecipitated lime in the fluid cannot be estimated till the 
carbonate of lime has s(*parated in the crystalline form, which takes 
8 or 10 hours, unless the mixture is warmed to 70° or 80°. On this 
account it is gcmerally best to use baryta water (see Analysis of 
Atmospheric Air”). 

If, on the contrary, a water contains an alkaline carbonate or any 
other alkaline salt wdiose acid would be precipitated by lime or baryta, 
a neutral solution of chloride of calcium or barium must first be added 
to decompose the same. This addition, too, prevents any inconvenience 
arising from the presence of free alkali in trie, lime or baryta water, or 
of carbonate of magnesia in the carbonic acid w’ater ; this inconvenience 
consists in the fact that oxalate of an alkali or of magnesia enters into 

* Bdchneb’s neucB Repert. 10, 1 ; Journ. f. prakt. Cheni. 82, 82 ; Annal. d. 
Chezu. u. Fharm. ii., Bupplenientb. 1 ; Zeitschr. f. anal. Chem. 92. 



CARBONIC ACID. 


835 


§ 139.] 

double decomposition with carbonate of lime (which is seldom entirely 
absent from the fluid to be analysed), forming oxalate of lime and car- 
bonate of the alkali or of magnesia, which latter will of course again 
take up oxalic acid. 

In the presence of magnesia salts in the carbonic acid water, in 
order to avoid the precij)itation of the magnesia, a little chloride of 
ammonium must also be added, but in this case heat must not be 
api>lied to induce the carbonate of lime to become more quickly 
crystalline, as ammonia would be thereby expelled. 

In making the determination the first thing to be done is to 
ascertain the relation between the lime or baryta water and a standard 
solution of oxalic acid. Pkttenkofer makes the latter solution by 
dissolving S'HOdO grin, pure uneffloresced dry crystallized oxalic acid 
to 1 litre; 1 c.c. of this is equivalent to 1 mgrm. carbonic acid. The 
lime water is standardized as follows : measure 45 c.c. into a little 
flask which can be closed by the thumb, and then run in from the 
burette the solution of oxalic acid till the alkaline reaction has just 
vanished. During the ojieration the flask is closed with the thumb 
and gently shaken. The end is attained as soon as a drop taken out 
with a glass rod and ap]died to delicate turmeric jiaper* produces no 
brown ring. The first exjieriment is a rough one, the second should 
be exact. 

The analysis of a carbonic acid water (a spring water, for instance) 
is performed by transferring 100 c.c. to a dry flask, adding 3 c.c. of a 
neutral and nearly saturated solution of chloride of calcium or barium, 
and 2 c.c. of a saturated solution of chloride of ammonium, then 45 c.c. 
of the standard lime or baryta water; close the flask with an india- 
rubber stopjier, shake and allow to stand 12 hours. The fluid contents 
of the flask measure consequently 150 c.c. Prom the clear fluidf take 
out b}^ means of a pipette two portions of 50 c.c. each, and deteriuine 
the free lime or baryta by means of oxalic acid, in the first portion 
iqiproxiinately, in the second exactly. Multiply the c.c. used in the 
last experiment by 3 and deduct the product from the c.c. of oxalic acid 
wliich corres])ond to 45 c.c of lime or baryta water. The difference 
shows the lime or baryta precipitated by carbonic acid, each c.c. cor- 
responds to 1 rngrm. carbonic, acid. 

The method is convenient and good ; it is especially to be recom- 
mended for dilute carbonic acid water. When sulphate or carbonate of 
lime is present, as is almost always tbe case in spring water, you must 
always before titrating await the conversion of the amorjihous carbonate 
of lime to the crystalline state, even if baryta water is used (K. KnappI). 
Baryta water therefore ])ossesses no advantages over lime water for the 
analysis of spring waters. 

* For the preparation of this bibulous paper should be used, the ash of which is 
free from carbounte of lime. Swedish filtering -paper answers best. J. Gottlieb 
(Journ. f. prakt. Chem. 107, 48h , Zeitschr. anjil. Chem. 9. 251) prefers aqueous 
tincture of litmus, prepared from litmus tirst exhausted with spirit and used in a very 
dilute state. E. Schulze and M. MaRCker (Zeitschr. f. anal. Chem 9, 331) employ 
corallin or rosolic acid, which they say is specially adapted for the purpose. The 
alcoholic solution is cautiously neutralized with potash, and a drop or two of this 
tincture is added. F. Schulze (Zeitschr. f. anal. Chem. 9, 292) recommends spirituous 
tincture of turmeric. 

t It is not admissible to use a filter (A. MtlLLKR, Zeitschr. f. anal. Chem. 1, 84). 

X Anna), d. Chem. u. Pharm. 158, 112; Zeitschr. f. amd. Chem. 10, oUl. 
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II. Separation of Carbome Acid from the Bases, and its Estimation 
in Carbonates, 

a. Separation from Neutral Carbonates of Alkalies and the Alkaline 
Earths, 

If the salts contain unquestionably 1 eq. carbonic acid to 1 eq. 
base, and there is no other salt with power to neutralize an acid 
present, we may determine the quantity of the base by the alkalimetric 
method (§§ 219, 220, 223), and calculate for each 1 eq. base 1 eq. car- 
bonic acid. 

b. Separation from Bases which upon iffnitim readily and completely 

yield thnr Carbrnie Acid. 

Such are, for instance, the carbonates of zinc, cadmium, lead, copper, 
mag-nesia, &c. 

a. Anhydrous Carbonates . — Ignite the weighed substance, in a platinum 
crucible (carbonates of cadmium and lead in a porcelain crucibJ(‘), until 
the weight of the residue remains constant. The results are, of course, 
very accurate. Substances liable to absorb oxygen u})on ignition in 
the air are ignited in a bulb-tube, through which a stream of dry 
carbonic acid gas is conducted. The carbonic acid is inferred from 
the loss. 

/3. Hydrated Carbonates. — The substance is ignited in a bulb-tube 
through which dried air or, in presence of oxidizable substances, car- 
bonic acid is transmitted, and which is connected with a cliloride of 
calcium tube, by means of a dry, close-htting cork. During the ignition, 
the jiosterior end of the bulb-tube is, by means of a small lamp, kept 
sufficiently hot to prevent the condensation of water in it, care being 
taken, however, to guard against burning the cork. The loss of 
weight of the tube gives the amount of the water + the carbonic acid • 
the increase of weight gained by the chloride of calcium tulie gives the 
amount of the water, and the ditfcrence accordingly that of the carbonic 
acid. A somewhat wide glass tube may also be ])ut in the jdace of the 
Imlb-tube, and the substanee inuoduced into it in a little boat, which 
is weiglied before and after the operation. 

c. Separation from all BaseSj without exception,^ in Anhydrous Car^ 
bmiafes. 

Fuse vitrified borax in a weighed platinum crucible, allow to cool in 
the desiccator, weigh, then transfer the well-dried substance to the 
crucible and weigh again. The weights of both carbonate and borax 
are thus ascertained. They should be in about the proportion of 1 : 4. 
Heat is then ajiplied, which is gradually increased to redness, and 
maintained at this temperature until the contents of the crucible are in 
a state of calm fusion. The crucible is now allowed to cool, and 
weighed. The loss of weight is carbonic acid. The results are very 
accurate (Schafpootsch). 

I must add that borax-glass may be kept in a state of fusion at a 
red heat for ^ to ^ an hour without the occurrence of any volatilization, 
but that at a white heat (by igniting over the gas-bellows), even in a 
few minutes, it suffers a decided loss.* A few bubbles of carbonic 


Zeitflchr. f. anal. Chem. 1, 65. 
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acid remaining in the fusing mass are without any influence on the 
result. 

Instead of vitrified borax fused bichromate of potash may be used 
in the proportion of 5 to 1 of the carbonate (H. Kose*). The heat 
applied in this case mijpt be low, and great caution must be used, or 
the bichromate will lose weight of itself. f The carbonic acid may be 
expelled from alkaline carbonates by strong ignition with ignited silica 
(H. Rose!). 

d. Separation, from all Bases without exception, (JEstimatim oj the Acid 
Jrom the loss of weight^ 

aa. Carbonates whose Bases form Soluble Salts with Sidphuric Acid, 

The process is conducted in the apparatus illustrated by fig. 89. 

The size of the flasks depends uj)on the capacity of the balance. 
B may be smaller than A. The tube a is closed at b with a little wax 
ball, or a small piece of india-rubber tube, stopped with half an inch of 
r(»d ; the other end of the tube a is open, as are also both ends of e and d. 
The flask B is nearly half filled with concentrated sulphuric acid, free 
from oxides of nitrogen and sulphurous acid. The tubes must fit air- 
tight in the corks, and the latter equally 
so in the flasks. The weighed substance 
is put into A ; this flask is then filled 
about one-third with water, the cork j)ro- 
perly inserted, and the ajjparatus tared 
on the balance. A few bunules of air are 
now sucked out of ^/, by means of an india- 
rubber tube. This serves to rarefy ihe 
air in A also, and causes the sul]»huric 
acid in B to ascend in the tube c. The 
latter is watched for some time, to ascer- 
tain whether the column of sulphuric 
acid in it remains stationary, winch is a 
proof that the aiiparatus is air-tight. Air 
is then again suchcd out of ^/, which 
causes a ] portion of the sul]>liuric acid to 
flow over into A. The carbonate m the 
latter flask is decomjiosed b}^ the sul- 
])liuric acid, and the liberated carbonic acid, completely dried in its 
passage through the sulphuric acid in i/, escapes through d. When 
the evolution of the gas slackens a fresh portion of suljihuric acid is 
made to pass over into A, by renewed suction through d ; the opera- 
tion being repeated until the whole of the carlionate is decomposed. 
A more vigorous suction is now applied, to make a large amount of 
sulphuric acid pass over into A, whereby the contents of that fla^k are 
considerably heated ; when the evolution of gas bubbles has completely 
ceased, the stopper on a is opened, and suction apiilied to until the 
air sucked out tastes no longer of carbonic acid,§ When the a]>j)aratus 
is quite cold it is replaced upon the balance, and the equilibrium 



Fig. 89. 


♦ Pogg. Annal. 116, 131. f Zeitschr. f. anal. Cbem. 1, 183. 

t Pogg* Annal. 116, 686. 

§ In accurate experiments, it is advisable to connect the end b of the tube a with a 
chloride of calcium tube during the process of suction, and to use an aspirator or 
hydraulic air-pump instead of the mouth. 

QUANT. VOL. I. 2 
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restored by additional weights. The sum of the weights so added 
indicates the amount of carbonic acid originally present in the 
substance. 

If the flasks A and j5 are selected of small size, the apparatus may 
be so constructed that, tog(*ther with the conifents, it need not weigh 
above TO grammes, admitting thus of being weighed on a delicate 
balance. The results obtained by the use of tnis apparatus, first 
suggested by Will and myself, are very accurate, provided the 
f|uantity of the carbonic acid be not too trifling. Various modifica- 
tions of the apparatus have lieen proposed, principally in order to make 
It lighter. Compare the note p. 840. 

if sulphites or sulphides are present, together with the carbonates, 
their injurious influence is best obviated by adding to the carbonate 
solution of yellow chromate of potassa in more than sufiicient quantity 
to eflect their oxidation. If chlorides are present, in order to prevent 
the evolution of hydrochloric acid, add to the evolution flask a sufficient 
(piantity of sulphate of silver in solution, or connect the exit tube d 
with a small ])repared U-tube, which is, of course, first tared with the 
apparatus, and afterwards weighed with it. This U-tube is prepared — 
in accordance with the ha]q)v proposal of Stolba — by filling with 
fragments of pumice which have been boiled with an excess of con- 
centrated solution of sul})Iiate of co])])er, till the air has been expelled, 
and then dried and heated to conijdete dehydration of the cojiper salt. 
If the U-tube is onh" 8 cm. high and has a bore of 1 cm., it answers the 
]>ur])ose very w’ell. The outer end is provided with a perforated cork 
and short glass tube. We apply suction to this by means of a flexible 
tube, instead of to d. 


hb. Carbonates whose Bases form Insoluble Salts with Sulphuric Acid, 

The aujJysis of such carbonates cannot well be effected by the 
method ««, as the insoluble sulphate formed (suljihate of lime, for 
instance) partially ])rotects the ^ct undeconiposed portion of the car- 
bonate from decomposition. The apparatus is therefore modified as 
shown in fig. 90. 

The alteration consists siinydy in the tube ab, which contains a bulb, 
and IS dr;i,vn out to a fine point at the low^er end. 

The process is conducted as follows : The weighed substance is put 
into A, togetlier wuth water. The bulb-tube ah contains an amount of 
dilute nitric acid,* more than sufficient for the decomposition of the 
carbonate, wdiich is prevented from flowing through the narrow aperture 
of the tube by the w’ax or india-rubber stopper at b. The point of this 
tube must not at first dip into the winter in A, The apparatus having 
been tared on the balance, the tube a is carefully and cautiously moved 
down, until its point nearly touches the bottom of A, The sto])per at b 
is then momentarily raised, so as to allow a small quantity of nitric 
acid to flow out ; the operation being repeated until the carbonate is 
completely decomposed. The contents of A are then heated to in- 
cipient boiling, the stojmer at b removed, and the carbonic acid sucked 
out of the aiiparatus as directed in aa. The loss of weight is ascertained 
when the apparatus has completely cooled. 

* In the presence of substances wliich decompose nitric acid, as for instance prot- 
oxide of iron, use hydrochloiic acid of 10 per cent. 
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It will be seen at a glance that a different construction mav also be 
given to the apparatus ; that, for instance, the tube C may" be con- 




Fig. 90. 


Fig. 91. 


nected, instead of with B, with a chloride of calcium tube, or with a 
tube filled with pumice stone or asbestos moistened with sulphuric 
acid ; also, that the substance may be put into 
a small tube, which stands upright at first, 
or is suspended from a thread, but is sub- 
sequently, after taring the apparatus, upset or 
lowered into the dilute acid in the fiask ; also, 
that the closing of a may be effected by means 
of a clip, &c. Such modifications, if they are 
judicious, have very little or no influence on 
the accuracy of the results. Fig-. t)l shows an 
apparatus modified in this manner by Fr. 

Mohr. 

Tlie apfiaratus proposed by (teissler* is 
one of the most convenient (fig. 92). It con- 
sists of two parts, A B and C. C is ground 
into the neck of A (a), so as to close air-tight, 
and yet admit of being readily removed, for 
the purpose of filling and emptying A, h c is 
open at both ends, and ground water-tight 
into C, at the lower end (c) ; it is kept in the 
jirojier position by means of an easily movable 
cork, i. The figure shows the construction of 
the apparatus in other respects. The cork e 
must fit air-tight, as must the tube d in the 
cork. The weighed substance is put into A, 
water added to the extent indicated, and the 
substance shaken towards tlie side of the flask. 

C is now filled nearly to the top with dilute 
nitric acid, or hydrochloric acid of 10 per cent., 

* Journ. f. prakt. Cliem. 60, 36. 



Fig. 92. 


840 DETERMINATION. [§ 139. 

with the aid of a pipette, after having previously turned the cork i 
upwards, without raising the cork is then again twisted down 
again, and C inserted into A; J? is filled somewhat more than half 
with concentrated sulphuric acid, and h closed at the top with a little 
w’ax stopper, or a piece of india-rubber tube, with a small glass rod 
inserted in it. After taring the apparatus, the decomposition is effected 
by raising b a little, and tlius causing acid to pass from C into A, 
The carbonic acid escapes through h into the sulphuric acid, where it 
is dried ; it then leaves the a]>paratus through d. After the decom- 
position has been effected, A is cautiously heated to mcijuent boiling, 
the stopper on h opened, and the carbonic acid still remaining in the 
^paratus sucked out through by means of a small india-rubber tube. 
The apparatus is finally weighed when cold.* * * § 

If it is necessary to decom])Ose the carbonate with hydrochloric 
acid, dry the escaping gas with pumice-stone saturated with anhydrous 
sulphate of copjier which also retains hydrochloric acid as well as the 
moisture (STOLBAf). It is well to fill a light U-tube with this mate- 
rial. The size of the U-tube should depend on the size of the appa- 
ratus. It can be used as long as a third of its contents remains un- 
colored. 

It is often an advantage, for instance, in the case of ])asty precipi- 
tates, to combine the estiination of the carbonic acid with that of the 
base according to II. a, by ein]doying a measured ipiantity of standard 
acid for the decomposition, 'fiie jioint of the bulb-tube of the appa- 
ratus fig. DO, is closed with tallow, and the standard acid is then in- 
troduced into the bulb from a burette provided with a fine jet. 
The apparatus being ’weighed, the tallow is melted by a little heat 


e. From all Basv^ mithovt exception [EMimotion of the Acid from the 
increase of irehfht of an Ahsorjttton Apparatus.) 

This process, v huh was formerl}’^ but seldom employed, has been 
much recommended by Koj. 13K§. J have done my liest — making free use 
of all that has been done by G. J. Muloeh, Stolba, and Kolbe — to 
put this process into the most practical foim jK»bsible, and I have now 
employed it for more than ten years, almost to the exclusion of all 
others Ttiere are few methods equal to it in accuracy. 

The arrangement of the apparatus which I use at present is given 
in fig. 93. 

A is the decomposing flask, it holds from loO to 300 c.c., and is 

* Other carliorilc aci'l Jipparatus have been proposed by H. Rosf, Fkitzschk, 
Rogers (see H itosLS Handbuch <ler analyt Cheiii. (] Aufi. ii. 784); Vohl (Annal. 
d. Chf-m. u. Pharm. 66 247) ; M. Schaffni-.r (Annal. d. Chein. u. Pharni. 82, 336) ; 
Webther (Moflihc.'ition of Gkishleu’h apparatuB — .Tourn. f. prakt. Chem. 61, 99) ; 
J. D. Smith (Chem. Gaz. 18.66, 201) ; A. Maykb (.Journ. f. prakt. Chem. 67, 63); 
Th. Simmler (Journ. f. Chem. 71, 168) ; Al Haukr (private communication) ; 

P. Hart (Chem. Gaz. 1869, 174) ; C. D. Braun (Dinuler’s polyt. Journ. 165, 301) ; 
E. J. Reynolds (Ohem. News, 1862, 143) ; Stolba (Zeitschr. f. anal. Chem. 1, 368) ; 
Ullgren (76. 8, 46); .Iohnson (/6 9, 90); Bunskn { lb . 10, 403) and otherH. 
Johnson fil s the apparatus and saturates the acid with carbonic acid before com- 
mencing, and theref’oi'e d<»eH not lemove the carbonic acid from the apparatus at the 
end. It need hardly be mentioned that in this case the atmospheric piessure and 
temperature must be the same during both weighings. 

+ Dinoi.er s polyt. Journ. 164, 128. 

J Journ. f. prakt. Chem. 97, 312 ; Zt-itschr. f. anal. Chem. 5, 208 and 6, 444. 

§ Annal. d. Chem. u. Pharm. 119, 130. 
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closed by a doubly-perforated caoutchouc stopper ; W is a doubly-bent 
tube, ex})anded at c to a bulb, it may be connected at will, either 
with the funnel or with the soda-lime tube J\ which again is con- 
nected on the other side with the Hask //, containing potash. The tube 
h IS ground below obliquely. The II -tube i has a height of 17 cm. 



Fig. 93. 

and a bore of 16 mm. ; it contains chloride of calcium in the bend 
only.* k and I are similar tubes; the first contains chloride of calcium, 
the second sulphate of copper on pumice (p. 368). The four smaller 
tubes have a height of 11 cm. and a bore of 12 mm.; m contains 
chloride of calcium, n and o are each filled — the first five-sixths with 
coarsely granulated soda-lime (about 20 grm.), and the last one-sixth 
with coarsely granulated chloride of calcium, p contains in the first 
limb chloride of calcium, in the other soda-lime, t, k, Z, and m serve 
to free the carbonic acid from aqueous vapor and hydrochloric acid ; 
n and o are weighed, their soda-lime takes up the carbonic acid, and 
their chloride of calcium prevents any evaporation of water from the 
latter, which is heated by the absorption ; p guards n and o from any 
aqueous vapor, &c., which might penetrate from without. The corks 
of n and o are coated with sealing-wax. The other tubes are closed 
with caoutchouc stoiipers, or corks coated with sealing-wax. The 
apparatus, once fitted up, lasts a long time ; it is only requisite, before 

* All the chloride of calcium used in this apparatus should be entirely free from 
alkaline reaction. To prevent any alkalinity it is well to add a little chloride of ammo- 
nium to the solution before evaporating. 
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each experiment, to renew the chloride of calcium in i, and to refill 
and occasionally o. 

Having weighed the substance, transferred it to A, and added a 
little water, weigh n and o, connect the various parts of the apparatus, 
join b and c, close dy and apply suction by means of the hydraulic air- 
pump or an aspirator to the end of the flexible tube 5, which is in 
conjunction with the U-tube r, containing a little water, and also 
with p. The clip q is in the meantime opened. The passing of 
gas bubbles through the water in r will soon cease if the apparatus 
is quite air tight. Fill e with dilute hydrochloric acid (or occasionally 
nitric acid), and opening d with care allow a little to enter A. The 
evolution of carbonic acid wull immediately commence, and its rate 
may be noted by the passage of the air bubbles through the water in 
r. When the evolution begins to slacken open and run a little more 
hydrochloric acid into A, If the amount of hydrochloric acid has been 
properly adjusted, the decomposition of the carbonate will be complete 
when the last of the hydrochloric acid has run from e into A. Wow 
pass a little water through d to rinse e into A ; remove e, connect f 
with dy and opening d cautiously draw a gentle current of air con- 
tinuously through the apparatus, heating the contents of A to incipient 
ebullition. 

As soon as the carbonic acid gets to the soda-lime tubes, they be- 
come heated, and this progressive heating aflPords a good measure of 
the extent to which tne soda-lime is saturated with carbonic acid. 
When the soda-lime tubes are quite cool, the principal quantity of the 
carbonic acid will have been absorbed, and if the air is passed for five 
or ten minutes longer, you may be certain that all the carbonic acid is 
removed from Ay t, h, and m. But little water will arrive at i if the 
heating of A has been properly managed, and the chloride of calcium 
will not be quite deliquesced. 

When the experiment is finished, stop the suction at «, remove the 
tubes n and o, and weigh them. The increase in their weight expresses 
the amount of carbonic acid in the substance. The results are so con- 
cordant and exact that they leave notliing to wish.* The bases are 
free from any impurity and coinpietely dissolved in hydrochloric (or 
nitric) acid. 

For a second experiment charge i and n afresh, o need not be re- 
filled as a rule, but it is well to transpose it and n. 

If it is preferred to decompose the carbonate in the dry way, this 
may be done by fusing the finely pulverized salt (alkaline carbonates 
need not be in a fine state of division) with six or nine times its amount 
of fused bichromate of potash. In the fusion a piece of combustion 
tube is used, slightly bent at the middle, to hold the mixture ; it is 
connected on one side with the apparatus for purifying the air, on the 
other side with a chloride of calcium tube for drying the carbonic acid, 
soda-lime tubes for absorption, a guard tube, and an aspirator or 
hydraulic air-pump. A gentle current of air being established, the 
combustion tube is heated, and the heat is removed, when the mass 
fuses calmly. The current of air is kept up a little longer, and then 
the absorption tubes are weighed. The method does not require any 


* Zeitsohr. f. anal. Chem. 2, 49 and 841. 
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modification in the presence of sulphides, sulphites, or hyposulphites 
(Persoz*). 

f. Separation from all Bases without exception {Estimation of the Acid Vy 

Eospulsion^ Absorption^ and Volumetric Analysis), 

If the carbonic acid be disengag^ed in the evolution apparatus men- 
tioned in e (which I consider the most suitable form), or in a similar 
one, we may, of course, determine the gas according to the methods 
given above for the estimation of free carbonic acid ; that is, we may 
collect it in a mixture of chloride of barium or chloride of calcium and 
ammonia, proceed as directed I., h 3., finishing the analysis according 
to hb. But this method is far more troublesome and slow than thar 
detailed in c, and cannot be relied upon unless all the sources of error 
already pointed out are avoided. 

On the contrary, it is sometimes advantageous, especially in the 
estimation of very small quantities of carbonic acid, to receive the same 
in a known volume of standard baryta-water, and to complete the 
analysis according to Prttenkofer’s principle (I., b, >). As this 
method finds application in the analysis of air, I refer to this section, 
merely remarking that Al. Muller,! E. Schulze, + and P. Waoneh§ 
have given special apjiaratus and rules for conducting the process in 
a most satisfactory manner. 

g, Estimatim by Measuring the Gas, 

a. After C. ScHEiBLER.il This process is applicable in the case of 
all salts which are decomposed by hydrochloric acid in the cold. It is 
distinguished for rapid and convenient execution and very satisfactory 
results, but it requires a special apparatus. It is much employed to 
determine the carbonate of lime in bone-earth. 

The ingenious apparatus em])loycd is represented by fig. 04. A 
contains the carbonate to be decomposed. I'he decomposilion is eftecti'd 
by raising the bottle, as shown, and thus causing the hydrochloric acid 
in the gutta-percha tube S to run out. The glass stojqier to A is well 
ground, and also greased ; it is perforated through the middle and a 
short glass tube is cemented into the opening, liie liberated carbonic 
acid passes through this, the india-rubber tube r and a glass tube 
cemented into one of the perforations of the stopper of the bottle 
and finally enters the bladder A’, which is made of caoutchouc of tlu* 
thickness of letter paper, and is connected air-tight with the glass tu))<‘ 
communicating with A, Another hole in the stopper of B is clo.std 
with a clip and the middle hole is connected with the glass tube w. The 
latter leads to the measuring apparatus. This consists of the graduated 
glass tube C, of 150 c.c. capacity, and divided into \ c.c. ; it is con- 
nected, as shown in the figure, with the equally wide plain tube B, In 
the caoutchouc stopper at the lower end of the latter there is a second 
short glass tube, this is connected by means of the india-rubber tube 
closed by P, with a glass tube, which is cemented into the bottle A, 
and reaches nearly to the bottom. A short glass tube bearing the 

* Compt. rend. 68, 239 ; Zeitscbr. f. anal. Chem. 1, 83. 
t Zeitachr. f. anal. Cheiu. 1, 47. + Ih. 9, 290. § Ib. 9, 445. 

11 Anleitung zum Gebrauch des Apparates zur Bestimmung des kohlensauren 
Kalkerde in der Kuochenkohle, &c., von Dr. C. SoHElBLBB. Printed in manuscript, 
Berlin, 1862, 
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flexible tube v is cemented into the second tubulure of the bottle E. 
inis bottle is the reservoir of water 3 if P is opened the water contained 



Fig. 94. 

in the tubes D and (7 flows into P; if you now blow into Vy P beinsr 
still open, the water in E rises into the tubes. E is in the betrinninff 
nearly filled with distilled water through D. 

All the parts of the apjiaratus, with the exception of the decompos- 
ing bottle A, remain pennanently connected; it is therefore advisable 
to fix them to the wooden stand by metal fastenings. The stand should 
also carry a thermometer. 

Each experiment is commenced by filling the tubes C and D to zero 
with water. This is done by blowing in at Vy the stopper of A being* 
removed. As soon as the column of water stands a little above zero, 
close Py and then slightly opening it again, allow water to drop out ti ll 
the object is attained. It is hardly necessary to mention that the 
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blowing* air into v and the handling of the clip require caution, for if 
the water were to pass through u into i?, the whole apparatus would 
have to be taken to pieces and the water removed. While the tube G 
is filling with water, the expelled air passes into J?, and compresses the 
caoutchouc bladder. If this does not take place to a sufficient extent, 
blow cautiously into B at till the bladder is completely collaj)sed. 
In experiments that follow one upon another, the blaclder always 
empties itself. Should it happen that the bladder is on any occasion 
emjity, before the water in the tubes has reached zero, then the water 
in the tubes would not stand in equilibrium. In such case open q for a 
moment. The experiment should be made in a room in which the 
temperature is as constant as possible, and care should be taken that 
the a])paratus is not exposed to the direct action of the sun, or the 
radiant heat of a stove, for sudden changes of temperature during the 
ex])eriment would of course interfere with its accuracy. 

Put the very finely powdered substance into the perfectly dry de- 
composing glass A, fell the gutta-percha tube with 10 c.c. hydro- 
chloric acid of 1*PJ sp. gr., place the tube cautiously in the decompos- 
ing glass, and then close the bottle with the well- tall owed stopper. 
Here the water will sink a little in C and rise in B ; open q for a 
moment, and the eiiuilibrium will be restored. Now note the ther- 
mometer and barometer, hold the bottle with the right hand round the 
neck to avoid warming, raise it, incline it slightly so that the hydro- 
chloric acid may mix with the substance gradually, and at the same 
time with the left hand regulate By so that the water m the two tubes 
may be kejit at exactly the same height ; continue these ojierations 
without intermission till the level of the water in 0 does not change 
for a few seconds. Now bring the columns in C and D to exactly the 
same height, read off the height of the water and note whether the 
temperature has remained constant. If it has, the number of c.c. read 
off* indicates the liberated carbonic acid ; but as a small quantity has 
been dissolved by the hydrochloric acid, it is necessary to make a 
correction. Scheibler has determined the small amount of carbonic 
acid which remains dissolved in the 10 c.c. hydrochloric acid at the 
mean temperature, and he directs to add 3*2 c.c. to the volume of the 
carbonic acid read off. Lastly, this volume is reduced to 0^", 7G0 mm. 
and the dry condition (comp. § 108).* 1000 c.c. of carbonic acid at the 
normal temperature and pressure weigh 1*97140 grm. 

If you want to dis})ense with all corrections, you may begin each 
set of experiments by establishing the relation between the carbonic 
acid obtained in the process (i.t*., the COg actually yielded 4*3*2 c.c.) 
and pure carbonate of lime (a weighed quantity of finely pulverized and 
driea Iceland spar). This relation is of course dependent on the 
temperature and pressure prevailing on the particular day. Let us take 
an example. From *2737 grm. carbonate of lime, containing *120428 
grin, carbonic acid, were obtained 63*8 c.c. (including the 3*2 c.c.), 
and in an analysis of dolomite, under the same circumstances, 
from *2371 substance were obtained 57*3 c.c. (including the 3*2 c.c.). 

* This mode of correction involves some imcertainty, as the amount of carbonic 
acid remaining absorbed depends on the concentration of the saline solution obtained, 
the quantity of air with which the carbonic acid is mixed, and the whole quantity of 
carbonic acid evolved. Conipai-e SoHEiBLEE’s later directions and Dietrich, Zeitschr, 
f. anal. Chem. S, 165. 



84-6 DETERMINATION. [§ 140. 

Now 63-8 : 57*3 :: -120428 : -10816. Therefore -2371 pTm, 

substance contains -10816 CO^ therefore the dolomite contains 45*62 
per cent, of carbonic acid. But this method of working* cannot be 
expected to give correct results unless the saline solutions formed and 
the amounts of carbonic acid evolved are tolerably alike in the first ex- 
periment and in the analyses. 

/3. E. Dietrich* has devised a very convenient apparatus in which 
the evolved carbonic acid is measured over mercury; he also gives 
tables showing the weight of a c.c. of carbonic acid for pressures 
between 720 and 760 mm. and temperatures between 10° and 25°, and 
the amount of carbonic acid absorbed by 5 c.c. hydrochloric acid 
of 1-125 sp. gr. for evolved quantities between 1 and 100 c.c. of gas. 
With the aid of this apparatus and these tables we may make estima- 
tions of carbonic acid with great rajiidity and exactness, so that the 
method is particularly to be recommended for long series of experi- 
ments. 

y. G. RuMPFf describes a very simple apparatus which may be jiut 
together in the laboratory. However this method affords no advantage 
unless you have Rumpf’s tables, and as 1 have no room for these I 
must refer to the original memoir. 

8. To determine small quantities of carbonic acid in minerals you 
may proceed as follows. Procure a graduated tube provided with a glass 
cock, grease the latter, and connecting it with an air-pump fill it with 
mercury. Fold the mineral in blotting paper and pass it up the tube, 
send up a measured quantity of hydrochloric acid by means of a pij)ette 
whose point is bent upwards, and then measure the evolved gas. Of 
course you must take account of the gas absorbed by the hydrochloric 
acid. For the method of calculating the weight from the volume 
see § 198. 

§ 140. 

2. Silicic Acid. 

I. Dftermviation. 

Tlie direct estimation of silicic acid is almost invariably effected by 
converting the soluble modification of the acid into the insoluble 
modification, by evaporating and completely drying; the insoluble 
modification is then, after removal of all foreign matter, ignited strongly 
(over the bellows blowpipe) and weighed. 

For the guidance of the student I would observe here that, to guard 
against mistakes, he should always test the punty of the weighed silicic 
acid. The methods of testing will be found below. 

If you have free silicic acid in the state of hydrate, in an aqueous 
or acid solution free from other fixed bodies, simply evaporate the solu- 
tion in a platinum dish, ignite and weigh the residue. 

Respecting a volumetric estimation of silicic acid (conversion into 
silicofluoride of potassium and acidimetric determination of the same, 
see § 97, 5), I must refer to Stolba.I 

* Zeitschr. f. anal. Chem. 8, 162 ; 4, 141, and 5, 49, 
t Id, 6, 898. : Id. 4, 168. 
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II. Separation of Silicic Add from the Bases. 

a. In all Compounds which are decomposed by Hydrochloric or Nitric 
Addy on digestion in open vessels. 

To this class belong; the silicates soluble in water, as well as many 
of the insoluble silicates, as, for instance, nearly all zeolites. Several 
minerals not decomposable of themselves by acids, become so by per- 
sistent ignition in a state of fine powder (F. Mohr*). If the ignition 
is too strong particles of alkali may be lost. 

The substance is very finely powdered.f dried at 100°, and put into 
a platinum or porcelain dish (in the case of silicates whose solution 
might be attended with disengagement of chlorine, platinum cannot be 
used ) ; a little water is then added, and the powder mixed to a uniform 
paste. Moderately concentrated hydrocliloric acid, or — if the sub- 
stance contains lead or silver — nitric acid, is now added, and the 
mixture digested at a very gentle heat, with constant stirring, until 
the substance is completely decomposed, in other terms until the glass 
rod, which is rounded at the end, encounters no more gritty powder, 
and the stirring proceeds smoothly without the least grating. 

The silicates of this class do not all comport themselves in the same 
manner in this process, but show some difierences ; thus most of them 
form a bulky gelatinous mass, whilst in the case of others the silicic acid 
separates as a light pulverulent precipitate ; again, many of them are de- 
comnosed readily and rajiidly, whilst others require protracted digestion. 

When the decomposition is effected, the mixture is evaporated to 
dryness on the water-bath, and the residue heated, with frequent 
stirring, until all the small lumps have crumbled to pieces, and the 
whole mass is thoroughly dry, and until no more acid fumes escape. 
It is always the safest way to conduct tlie drying on the water-bath. 
Occasionally it is well to moisten the dry mass with water and evapo- 
rate again. In cases where it appears desirable to accelerate the desic- 
cation by the application of a stronger heat, an air-bath may be had 
recourse to ; which may be constructed in a simple way, by suspending 
the dish containing the substance, with the aid of wire, in a somewhat 
larger dish of silver or iron, in a manner to leave everywhere between 
the two dishes a small space of uniform width. Direct heating over 
the lamp is not advisable, as in the most strongly heated parts the 
silicic acid is liable to unite ag*ain with the separated bases to com- 
pounds which are not decomposed, or only imperfectly, by hydro- 
chloric acid. 

When the mass is cold, it is brought to a state of semi-fiuidity by 
thoroughly moistening it with hydrochloric acid; after which it is 
allowed to stand for half an hour, then warmed on a water-bath, 
diluted with hot water, stirred, allowed to deposit, and the fluid de- 
canted on to a filter ; the residuary silicic acid is again stirred with 
hydrochloric acid, warmed, diluted, and the fluid once more decanted ; 
after a third repetition of the same operation, the precipitate also is 
transferred to the filter, thoroughly washed with hot water, well dried, 
and ignited at last as strongly as possible, as directed in § or in 
§ 63. For the properties of the residue, see § 98, 9. The results are 

* Zeitschr. f. anal Ohem. 7, 293. 

+ Very hard silicates cannot be powdered in an agate mortar without taking up 
silica ; these must, therefore, be powdered in a steel mortar, sifted, and freed from 
particles of steel with the magnet. 
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accurate. The bases, which are in the filtrate as chlorides, are deter- 
mined by the methods g-iven above. Deviations from the instructions 
here g*iven are likely to entail loss of substance; thus, for instance, 
if the mass is not tnoroughly dried, a not inconsiderable portion of 
the silicic acid passes into the solution, whereas, if the instructions 
are strictly complied with, only traces of the acid are dissolved; in 
accurate analyses, however, even such minute traces must not be 
neg*lected, but should be so])arated from the buses precipitated from the 
solution. The separation may as a rule be readily effected by dis- 
solving* them, after ignition and weighing*, in hydrochloric or suljdiuric 
acid, by long* digestion in the heat, the traces of silicic acid being left 
undissolved. Sometimes it is better to tiise the metallic oxides with 
bisulphate of potash, or to reduce them to the metallic state by ignition 
in hydrogen, and tiien to treat with hydrochloric acid. Again, if the 
silicic acid is not thoroughly dried previous to ignition, the aqueous 
vapor disengaged uj>on the rapid ap})lication of a strong heat may carry 
away particles of the light and loose silica. However, if a suction 
apparatus has been used, and the water has been removed as far as 
the apparatus will remove it, the precqatate may be ignited at once by 
the method given p. 85. But in this case the filter cannot usually be 
completely incinerated. 

The silicic acid may be tested as follows. This testing must on no 
account be omitted if the silica has been separated in a pulverulent 
and not in a gelatinous form. Heat a portion on a water-bath with 
moderately concentrated solution of carbonate of soda for an hour in 
a platinum or silver dish ; with less advantage in a porcelain dish. 
Ecigertz*^ recommends for *1 grm. silicic acid Oc.c. of a saturated solu- 
tion of carbonate of soda and c.c. of water. Pure silica would dis- 
solve. If a residue remains, pour off* the clear ffuid and heat again 
with a small quantity ot carbonate of soda. If a residue still remains, 
weigh the rest of the imj)ure silica and treat it according to by to esti- 
mate the amount of impurity. 

If you have ;wrc hydroffuoric acid, you may also test the silicic 
acid in a very easy manner, by treating it with this acid and some 
sulphuric acid in a jilatinum dish ; uj>on the evaporation of the solu- 
tion, the silicic acid, if pure, w'lll volatilize completely (as fluoride of 
silicon). If a residue remains, moisten this once more with hydro- 
fluoric acid, add a few' drops of sulphuric acid, evaporate, and ignite ; 
the residue consists of the sulphates of the bases which were mixed 
with the silicic acid, as w^ell as any titanic acid that was present 
(Berzelius). Fluoride of ammonium may be used instead of hydro- 
fluoric acid. 

b. Compounds which are not decomposed by Hydrochloric or Nitric 
Acidy on diyestion in open vessels, 

a. Decomposition by FvLsion with Alh aline Carbonate, 

Beduce the substance to an impalpable powder, by trituration and, 
if necessary, sifting (§ 25) ; transfer to a platinum crucible, and mix 
with about 4 times the weight of pure anhydrous carbonate of soda or 
carbonate of soda and potassa, with the aid of a rounded glass rod ; 
wipe the rod against a small portion of carbonate of soda on a card, 


* Zeitsebr. f. anal. Chem. 7, 002. 
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and transfer this also from the card to the crucible. Cover the latter 
well, and heat, according to size, over a gas- or spirit-lamp with 
double draught, or a blast gas-lamp ; or insert in a Hessian crucible, 
compactly filled up with calcined magnesia, and heat in a charcoal fire. 

Apply at first a moderate heat for some time to make the mass 
simply agglutinate ; the carbonic acid will, in that case, escape from 
the porous mass with ease and unattended with spirting. Increase the 
heat afterwards, finally to a very high degree, and terminate the 
operation only when the mass appears in a state of calm fusion, and 
gives no more bubbles. 

The platinum crucible in which the fusion is conducted must not 
be too small ; in fact, the mixture should only half fill it. The larger 
the crucible, the less risk of loss of substance. As it is of importance 
to watch the progress of the operation, the lid must be easily remov- 
able ; a concave cover, simply lying on the toj), is therefore preferable 
to an overlapping lid. If the ])rocess is conducted over the spirit- or 
simple gas -lam]), the mixed carbonates of soda and potassa arc pre- 
ferable to carbonate of soda, as they fuse much more readily than the 
latter. In heating over a lam]>, the crucible should always be su])]>orted 
on a triangle of ])latinum wire, with the opening just sufficiently wide 
to allow the crucible to drop into it fully one-third, vet to retain it 
firmly, even with the wire at an intense red heat. When conducting 
the process over a spirit-laiu]) with double draught, or over a simple 
gas-lamp, it is also advisable, towards the end of the o])eration, when 
the heat is to be raised to the highest degree, to juit a chimney over 
the crucible, with the lower border resting on the ends of the iron 
triangle which sup])orts the nlatinum triangle ; this chimney should be 
about or 14 cm. high, ami the upper ojieniiig measure about 4 cm. 
in diameter. The little clay chimneys recommeiuled by 0. L. Erd- 
mann are still more serviceable (fig. -0, p. 22, Qual. Anal.”) When 
the fusion is ended, the red-hot crucible is removed with tongs, and 
placed on a cold, thick, clean, iron ])late, on which it will rajildly cool ; 
it is then generally easy to detacli the fused cake in one piece. 

The cake (or the crucible with its contents) is put into a beaker, from 
10 to 15 times the quantity of water poured over it, and heat a])j)lied 
for half an hour, then liyilrochloric acid is gradually added, or, under 
certain circumstances, nitric acid ; the beaker is kept covered with a 
glass plate, or, which is much better, with a large watch-glass or 
porcelain dish, perfectly clean outside, to yirevent the loss of the drops 
of fiuid which the esca])ing carbonic acid carrii's along with it* the 
drops thus intercejited by the cover are afterwards rinsed into the beaker. 
The crucible is also rinsed with water mixed with dilute acid, and the 
solution obtained ailded to the fiuid in the beaker. 

The solution is promoted by the ajiplication of a gentle heat, which 
is continued for some time after this is efiected to insure the com- 
plete expulsion of the carbonic acid ; since otherwise some loss of 
substance might be incurred, in the subsequent process of evapora- 
tion, by s})irting caused by the escajie of that gas. If in the jirc'cess of 
treating the fused mass with hydrochloric acid, a saline powdiir sub- 
sides (chloride of sodium or chloride of potassium), this is a sij^i that 
more water is required. i 

If the decomposition of the mineral has succeeded to the full extent, 
the hydrochloric acid solution is either perfectly clear, or light fiakes 
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of silicic acid only float in it But if a heavy powder subsides, which 
feels gritty under the g-lass rod, this consists of undecomposed mineral. 
The cause of such imperfect decomposition is g^enerally to be ascribed 
to imperfect pulverization. In such cases the undecomposed portion 
may be fused once more with carbonated alkali ; the better way, how- 
ever, is to repeat the process with a fresh portion of mineral more finely 
pulverized. 

The hydrochloric or nitric acid solution obtained is poured, tog-ether 
with the precipitate of silicic acid, which is usually floating in it, into 
a porcelain or, better, into a ])latinum dish, and treated as directed in 
II., a. That the fluid may not be too much diluted, the beaker should 
be rinsed only once, or not at all, and the few remaining drops of solution 
dried in it ; the trifling residue thus obtained is treated in the same 
way as the residue left in the evaporating basin. This is the method 
most commonly employed to effect the decomposition of silicates that 
are undecomposable by acids ; that it cannot be used to determine alka- 
lies in silicates is self-evident. 

/3. Decomposition hy means oj EydroJiuoHc Acid. 

aa. By Aqueous Hydrofluoric Acid. 

The silicate should be flnely juilverized, dried at 100°, and occasion- 
ally ignited.* It is mixed, in a jdatinum dish, with rather concentrated, 
slightly finning hydrofluoric acid, the acid being added gradually, and 
the mixture stirred w^ith a thick platinum wire. The mixture, which 
has the consistence of a thin paste, is digested some time on a water- 
bath at a gentle heat, and pure concentrated suljihuric acid, diluted 
wdth an equal quantity of water, is then added, drop by droj), in more 
than suflicTent quantity to convert all the bases present into sulphat(*6. 
The mixture is now^ evaporated on the water- bath, during which opera- 
tion fluorfde of silicon gas and hydrofluoric acid gas are continually 
volatilizing; then it is finally exposed to a stronger heat at some 
height above the lamp, until the excess of sulphuric acid is almost com- 
pletely expelled. The mass, when cold, is ilioroughly moistened with 
concentrated hydrochloric acid, and allowed to stand at rest for one 
hour ; water is then added, and a gentle heat applied. If the decom- 
position has fully succeeded, the whole' must dissolve to a clear fluid. 
If an uudissolved residue is left, the mixture is heated for some time on 
the water-bath, then a *bwed to dejiosit, the clear supernatant fluid 
decanted as far as practicable, the residue dried, and then treated again 
with hydrofluoric acid and sulphuric acid, and, lastly, with hydrochloric 
acid, which will now effect conijilete solution, provided the analysed 
substance was very finel}^ juilverized, and free from baryta, strontia 
(and bad). The solution is added to the first. The bases in the solu- 
tion (vhich contains them as sulphates, and contains also free hydro- 
chloric acid), are determined by the methods which will be found in 
Seotioi V. 

This method, which is certainly one of the best to effect the decom- 

f iositicn of silicates, was proposed by Berzelius. It has been but 
ittle used hitherto, because we did not know how to prepare hydro- 
fluoric acid, except with the aid of a distilling apparatus of platinum, 

* minerals are much more readily decomposed by hydrofluoric acid also, if 

they aie previously ignited in a state of fine divisioii (Hermann, Hammelsbeko, 
Fb. M^UB, Zeitschr. f. an.d. Chem. 7 , 291). 
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or, at least, with a platinum head ; nor to keep it, except in platinum 
vessels. These difficulties can now he considered as overcome, comp. 
§ 68, 2. Never omit testing the acid before using it. 

The hydrofluoric acid may also be employed in combination with 
hydrochloric acid ; thus 1 grm. of finely elutriated felspar, mixed with 
40 c.c. water, 7 c.c. hydrochloric acid of 25 g and c.c.hydrofliioric acid, 
and heated to near the boiling point, dissolves completely in three 
minutes. 4 c.c. sulphuric acid are then added, the sulphate of baryta 
which separates is filtered off, and the filtrate evaporated till no more 
hydrofluoric acid escapes (Al. Mitschkrltch* * * § ). 

The execution of the method requires the greatest possible care, 
both the liquid and the gaseous hydrofluoric acid being most injurious 
substances. The treatment of the silicate with the acid and the evapo- 
ration must be conducted in the open air, otherwise the windows and 
all glass apparatus will be attacked. As the silicic acid is in this 
method siinjily inferred from the loss,! a combination with method a is 
often resorted to. 

1)1). Bi/ Ilifflroflufyric Acid Gas. 

Instead of the hydrofluoric acid dissolved in water, the gaseous acid 
also may be used to etfect the decomposition of silicates. BrunnerJ 
is the author of this method, which is very often emjiloyed. The pro- 
cess is as follows ; — Put from 1 to 2 grm. of the silicate, very finely 
pulverized, in the thinnest possible layer, into a shallow platinum dish, 
and moisten the powder with dilute sulphuric acid ; place the dish, 
supported on a leaden tripod or leaden ring, in the centre of a leaden 
box, which may have a diameter of 6 indies and a height of G inches, 
and on the bottom of which you have just before made a layer of about 
half an inch of {lowdered fluor-spar inlo a paste with concentrated 
sulphuric acid : in this latter operation, be cautious to avoid the escap- 
ing vapors ; the mixing of the powdered fluor-spar with tlie sulphuric 
acid is effected with a long glass rod, or, better still, with a long leaden 
rod. As soon as you have placed the dish in the box, wuth the aid of 
pincers or tongs, put on the tightly fitting leaden cover, lute the join- 
ings with plaster of Paris, and put the box in a warm place for from G 
to 8 days. If you wish to accelerate the process, you must not lute the 
joinings quite air-tight, and must heat the apparatus in the open air^ 
by means of a small gas- or spirit-lamp ; in this manner you may 
succeed in a few hours in effecting the decomposition of from 1 to 
2 grm. of the powdered silicate, provided it is s})read in a very thin 
layer, or stirred from time to time, which latter operation, however, 
requires caution. 

If the decomposition has succeeded well, the residue in the platinum 
dish consists of silicofluorides and sulphates. Put the shallow dish 
now into a larger platinum dish, add, drop by drop, pure sulphuric 
acid, in somewhat more than sufficient quantity to efiect the conversion 
of the bases into sulphates ; evaporate in the air-bath, expel finally the 

* Journ. f. prakt. Chem. 81, 108. 

4* The silicon escaping in tlie form of iluoiide may sometimes be determined 
directly, by the method of Story Maskei.tni£ (Zeitsclir. f. anal. Chem. 9, 380), which, 
however, requires a platinum retort of peculiar construction. 

% Pogg. Anna!. 44, 134. 

§ An apparatus which may be used in the laboratory has been described by 
A. MOlleb (Journ. f. prakt. Chem. 95, 51). 
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excess of hydrated sulphuric acid over the lamp, almost, but not 
entirely, and treat the residue with hydrochloric acid and water in the 
manner directed in aa. The decomposition can only be considered 
complete if the residue entirely dissolves (of course, in presence of 
barium, you would expect to find a little sulphate of barium). 

If you have a platinum tube adapted to the purpose, you may heat 
the powdered substance in a platinum boat inside the tube in a current 
of dry hydrochloric acid gas. The platinum tube is bent downwards in 
front and dips in water. The water takes up the volatile finforides, the 
non-volatile ones remaining in the boat (Saint-Claire Deville, 
Kuhlmann*). 

cc. By Fhwride of Amimninm, 

Mix the ver}' finely powdered substance in a platinum dish with 
four times its weight of fiuoride of ammonium, moisten well with con- 
centrated sul})huric acid, heat on the water-bath till the evolution of 
fluoride of silicon and hydrofluoric acid slackens, add more sulphuric 
acid, heat again, finally somewhat more strongly till tlie greater part of 
the sulphuric acid has esca]»ed, and treat the residue according to aa 
(L. V. Babo, J. Potyka, K. Hoffman Nf). il. Pose! first warms the 
silicate gently with seven times its amount of the fluoride and some 
water, then heats gradually to redness till no more fumes escape, 
and finally treats wdth sulpliuric acid. 

d(L By Fluoride of Hydrogen and PoUmmm.^ 

In silicates, which more or less resist the action of hydrofluoric 
acid, such as zircon and berUl, the bases with the exception of the 
alkalies may be determined by fusing with fluoride of hydrogen and 
potassium (Marignac, (.iIBBs§), or by mixing with tnree parts of 
fluoride of sodium, adding 12 parts of bisulphate of potash to 
the crucible, and then heating* at first very gently, afterwards more 
strongly till the mass fuses calmly. The residue is dissolved in water 
or hydrochloric acid (Clarke||). 

-y. Decomposition hy fusion with Hydrate of Baryta or Carbonate of 
Baryta. 

The fusion of silicates with carbonate of baryta requires a very high 
degree of heat, attainable only by means of a good blast gas-lamp, a 
SFrsrRoM furnace, a Deville turjientine lamp, (kc. ; as the highest 
temperature attainable by means of a wind furnace does not cause 
agglutination of the carbonate of baryta and the silicate, without which 
complete decomjiosition cannot occur. But then, on the other hand, 
the action of carbonate of baryta is so energetic, that even the most 
refractory siliceous minerals are readily and completely dccomjiosed by 
it. The proportion to be used is from 4 to 0 jiarts of carbonate of 
baryta to 1 part of the mineral. The fusion is efl'ected in a platinum 
crucible, which, if a Sefstrom furnace is used, is inserted in another 
crucible of refractory fire-clay, filled with magnesia. The crucible is 
left in the fire half an hour at least. The larger the amount of carbonate 
of baryta used the greater is the danger of volatilization of alkali. 
Deville, in fact, recommends *8 parts of carbonate of baryta for 1 part 
of a felspathic mineral. 

* Compt. rend. 58, 545. + Ze’t'^^hr. f. anal. Chem. 6, 866. 

+ Pogg. Anual. 108, 20. § Zeitschr. f. anal. Chem. 3, 399. 1| 76. 7, 468. 
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With more readily decomposable minerals, the object in view may 
be attained more easily with nydrate of baryta freed from its water of 
crystallization. From 4 to 6 parts of the hydrate are intimately mixed 
with 1 part of the mineral ; it is advisable to cover the mixture with a 
layer of carbonate of baryta. The fusion may be effected over a common 
gas- or Berzelius spirit-lamp; silver crucibles are preferable to pla- 
tinum, as the latter are slightly attacked in the operation. The mix- 
ture either fuses completely, or, at least, its particles agglutinate into 
a semi-fused mass. In order to be able to employ platinum crucibles 
V. Fellenberg-Rivier* recommends fusing 4 or 5 parts of chloride 
of calcium in the platinum crucible, shaking the crucible round while 
it is cooling, then adding 1 part of hydrate of baryta and fusing this. 
When the crucible is cold add about 1 jiart of the finely powdered sub- 
stance, heat gently, and when no more evolution of gas takes place 
heat more strongly. Smith! recommends with the same view fusing 
2 parts of chloride of barium with 3 or 4 parts of carbonate of 
baryta and 1 part of tlic silicate. 

When the operation is terminated — no matter whether carbonate or 
hydrate of baryta has been employed — the crucible is allowed to cool, 
carefully cleaned outside, and put with its contents into a beaker, where 
it is then covered with 10 or 15 parts of w^ater, and allowed to soak for 
some time ; hydrochloric or nitric acid is added, and the rest of the 
operation conducted as in by a. Care must be taken, however, not to 
add too much hydrochloric acid at once, as the chloride of barium 
formed is difficultly soluble in that acid, and would consequently tend 
to im])ede further solution, by forming’ a kind of insoluble ))rotectmg 
crust round the still undissolved })ortion. In the solution filtered from 
the silicic acnd, the bases are determined by the methods which will be 
found in Section V. The purity of the silicic acid obtained must be 
tested as directed in «, before the operation can be looked upon as 
successful. These methods, which were formerly often emjdoyed to 
determine the alkalies in silicates, have been in a measure superseded 
by decomposition with aqueous hydrofluoric acid, and with fluoride of 
ammonium, both of which can now be readily obtained in a pure form. 

5. Decomposition bp fusion with lAme and Lime Salts. 

DevilleI recommends to fuse 1 part of the powdered silicate with 
from *3 to -8 parts of carbonate of lime. I have tried this process, 
but have not found it answer in the case of many silicates. L. 8mith§ 
recommends to fuse *5 to 1 grm. of the })ow^dered silicate with 1 grm. 
chloride of ammonium, and 8 grm. carbonate of lime. The chloride of 
ammonium should be in fine g’rains such as are produced by disturbed 
crystallization. The carbonate of lime should have been precipitated by 
carbonate of ammonia in the heat. If the temperature during the 
fusion rises too high, portions of alkaline chloride may easily be lost. 
Smith uses a crucible i)5 mm. high, with an upper diameter of 2:2 mm., 
and a lower diameter of 16 mm., fixes this in a metal clamp or the iron 
plate of a special gas furnace,|| so that about 15 mm. remain outside, heats 
the crucible first above the mixture, then below gently, taking about 

* Zeitflchr. f. anal. Chem. 9, 459. f Journ. f. prakt. Chem. 60, 246. 

+ Joum. f. prakt. Chem. 60, 246. 

§ Jb. 60, 246 ; Chemical News, 23, 222 and 284. 

II Zeitschr. f. anal. Ohem. 11, 67. 
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5 minutes to decompose all the chloride of ammonium, and tlien increases 
the heat, keeping* the whole 40 or 60 minutes at a hrig*ht red heat. 
By heating* in this way, loss of alkaline chloride is entirely prevented. 
After the semi-fused mass has cooled treat it according to y. However, 
Smith says that the whole of the alkalies may be obtained in solution 
by treating the ignited mass with water, heating for several hours, 
filtering, and washing the residue. The lime is precipitated by car- 
bonate and a little oxalate of ammonia. 

e. Becompositimi with Ilpdrochliync or 8 ul 2 )huric Acid in sealed tubes 
(tinder pres^ire), after Al. Mitscherlich.* 

Many silicates (and also aluminates) which on digestion with hydro- 
chloric or sulphuric acid in open vessels are either not at all or scarcely 
attacked, are completely decomposed if heated with hydrochloric acid of 
26 J HCl, or with a mixture of 3 parts by weight concentrated sul- 
j>buric acid and 1 part w^ater in sealed glass tubes for 2 hours at 200° to 
210°. For this purpose transfer about 1 grm. of the very fine elutriated 
or sifted substance to a strong tube of difficultly fusible Bohemian glass 
fused at one end and somewhat drawn out at the other, add the acid, 
seal the tube carefully and place it in the wrought iron tube of a 
metallic bath,t then heat in the manner described. When the tube has 
cooled, open it cautiously, rinse its contents into a platinum or porcelain 
dish, and proceed according to II., a. The method has this advantage 
over most others, that any protoxide of iron i)resent is obtained in 
solution as such and can be accurately determined. 


Second Group. 

Hydrochloric Acid — HYDROBR f)Mic Acid — Hydriodic Acid — 
Hydrocyanic Acid — IIydrosulpiiuric Acid. 

§ 141. 

1. Hydrochloric Acid. 

1. Determination . 

Hydrochloric acid may be determined very accurately in the 
gravimetiic as well as in the volumetric way.J 

a. Gravimetric Method. — Determination as Chloride of Silver. 

Solution of nitrate of silver, mixed with some nitric acid, is added 
in excess to the solution of the chloride, the precijutated chloride is 
made to unite b}^ heating and agitating, washed by decantation and 
filtration, dried, and ignited. The details of the j)rocess have been 
given in § 11.5, 1, a. Care must be taken not to heat the solution 
mixed with nitric acid, before the nitrate of silver has been added in 
excess. As soon as the latter is present in excess, the chloride of 
silver separates immediately and comjdetely upon shaking or stirring, 
and the supernatant fluid becomes perfectly clear after standing a 
short time in a warm place. The determination of hydrochloric acid 

* Joum. f. prakt. Cbem. 81, 108, and 83, 455. 
f Such a bath is figured in Juuru. f. prakt. Ciiem. 83, 48a; also in Zeitschr. f. 
anal. Chem. 1, 55. 

X For the acidimetric estimation of free hydrochloric acid, see § 215. 
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by means of silver is therefore more readily effected than that of silver 
by means of hydrochloric acid. 

h. Volumetric Methods. 

a. By Solution of Nitrate of Silver, 

In § 115, 5, we have seen how the silver in a fluid may be estimated 
by adding a standard solution of chloride of sodium until no further 
precipitation ensues ; in the same way we may determine also, ])y 
means of a standard solution of silver, the amount of hydrochloric acid 
in a fluid, or of chlorine in combination with a metal. Pelouze has 
used this method for the determination of several e(|uivalent numbers. 
Levol* proposed a modification which serves to indicate more readily 
the exact point of comjilete preci])itation. To the fluid, which must be 
neutral^ he added one- tenth volume of a saturated solution of phosphate 
of soda. When the whole of the chlorine has been precipitated by the 
silver, the further addition of the solution of silver produces a yellow 
precipitate which does not disajipear u})on shaking the vessel. Fu. 
Mohr has since replaced, with the most complete success, the phosphate 
of soda by chromate of ]»otassa. 

This convenient and accurate method requires a perfectly neutral 
solution of nitrate of silver of known value. The strength most con- 
venient IS, 1 litre = T eq. IICI. I recommend the following method of 
preparation: Dissolve 18*80 to 18*85 grm. ])ure fused nitrate of silver 
in 1100 c.c. water, and filter the solution if required; the solution is 
jiurposely made somewhat too strong at first Now weigh ofl* exactly 
four portions of pure chloride of sodium, each of *10 to *18 grm., one 
after another. The salt should be moderately ignited, not fused, pow- 
dered roughly while still warm, and introduced into a small dry tube, 
that can be well closed. The weighing ofl* is })erformed b}' first weigh- 
ing the filled tube, then shaking out into a dry beaker the quantity 
reipiired, weighing again, drop])ing a second portion into beaker 
No. 1?, weighing* again, and so on. Each ])ortion is dissolved in 20 to 
.*10 c.c. water, and about 8 drops of a cold saturated solution of pure 
yellow chromate of potassa added. 

Fill a Mohr’s burette (m very accurate analysis an Erdmann's 
float should be used) with the silver solution, and run it slowly, with 
constant stirring, into the light yellow solution contained in one of the 
beakers. Each drop produces, where it ialls, a red spot, which on 
stirring (lisa])pears, owing to the instant decomposition of the chromate 
of silver with the chloride of sodium. At last, however, the slight red 
coloration remains. Now all chlorine has combined with silver, and a 
little chromate of silver has been permanently formed. Read ofl* the 
burette and reckon how much silver solution would have been required 
for *1 e(|. chloride of sodium, /.c., 5*85 grm. Suppose we have used to 
•110 chloride of sodium 18*7 c.c. silver solution. 

•110 ; 5-85:: 18*7 : a? a- = 994*5. 

Now, without throwing away the contents of the 1st beaker, make 
a second and third experiment in the same manneri of course always 
taking notice to regard the same shade of red as the sign of the end. 
The results of these are reckoned out in the same way as the first. 
Suppose they gave for 5*85 NaCl 995*0 and 993*0 respectively, we 

* Journ. f. prakt. Chem. 60, 684. 

A A 2 
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take the mean of the three numbers, which is 994*2, and we now know 
that we have only to take this number of c.c. of silver solution, and 
make it up to 1000 c.c. with 5*8 water, in order to obtain a solution of 
the required strength, ?.c., 1000 c.c. = *1 eq. NaCl. But if 994*2 requires 
5*8 water, 1000 requires 5*83. Hence we fill a litre-flask (previously 
dried or rinsed with a small portion of the solution) up to the holding” 
mark with the solution, add 5*83 c.c. water, insert a caoutchouc 
stopper, and shake. 

The solution must now be correct ; however, to make quite sure, 
we perform another experiment with it. To this end rinse the empty 
burette with the new solution, fill it with the same and test with the 
portion of salt in beaker ]Vo. 4. The c.c. used of silver solution must 
now, if multiplied by *00585, give exactly the weight of the salt. 

Being now in possession of a standard silver solution, and being 
])ractised in exactly hitting the transition from yellow to the shade of 
red, we are in the position to determine with precision hydrochloric 
acid or chlorine in the form of a metallic chloride soluble in water. 
The fluid to be tested must be neutral — free acids dissolve the chromate 
of silver. The solution of the substance is therefore, if necessary, 
rendere4 neutral liy addition of nitric acid or carbonate of soda (it 
should be rather alkaline than acid), about 3 drops of the solution of 
yellow chromate added, and then silver from the burette, till the 
reddish coloration is just perceptible. The number of c.c. used has 
only to be mulrijilied ly the equivalent of chlorine or of the metallic 
chloride and divided by 10000 to give the amount of these respectively 
present. 

If the operator fears he has added too much silver solution, ?.c , if 
the red color is too strongly marked, he may add 1 c.c. of a solution of 
chloride of sodium containing 5*85 in a litre (and therefore corresjiond- 
ing to the silver solution), and then add the silver droji by droj) again. 
Of course in this case 1 c.c. must be deducted from the amount of 
silver solution used. 

The results are very satisfactory. The fluid to be analysed should 
be about the same volume as the solutions employed in standardizing 
the silver solution, and also about the same strength, otherwise the 
small quantity of silver wdiich produces the coloration will not 
•-'tand in the same jiroportion to the chlorine jiresent. This small 
(juantity of silver solution is extremely small, varying between *05 
and *1 c.c., the inaccuracy hereby arising even in the case of quan- 
tities of chlorine diflering widely from that originally used in stan- 
dardizing the silver solution is therefore almost inconsiderable. If 
the amount of silver solution necessary to irnjiart the coloration always 
remained the same, we should have simpl}^ to deduct the amount in 
question with all experiments, in order to avoid this small inaccuracy 
entire !}^ , since however the greater the quantity of chloride of silver 
the more chromate of silver is required for visible coloration, this 
nietljod of proceeding would not increase the exactness of the results. 

p. By Sidution of Kitrate of Silver and Iodide of Starch (Pisani’s 
method*). 

Add to the solution of the chloride, acidified with nitric acid, a 
slight excess of standard solution of nitrate of silver, warm, and filter. 

* Aunal. d. Mines, 10, 83; Liebig and Kopp’s Jahresbericht, 1856, 751. 
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Determine the excess of silver in the filtrate by means of solution of 
iodide of starch (see p. 2^0), and deduct this from the amount of silver 
solution used. The difference shows the quantity of silver which has 
combined with the chlorine; calculate from this the amount of the 
latter. Results satisfactory. 

y. With Solution of Nitrate of Mereury (LiEBia’s method*) ; recom- 
mended more particularly for the determination of chlorine in the 
chlorides contained in the urine. 

aa. Principle of the method. Nitrate of mercury immediately pro- 
duces in a solution of urea a heavy white precijntate ; solution 
of chloride of mercury produces no such precipitate. When a 
solution of nitrate of mercury is mixed with the chloride of an 
alkali metal, there is formed chloride of mercury and nitrate of 
the alkali. If, therefore, a solution of urea is mixed with 
chloride of sodium, and a dilute solution of nitrate of mercury 
is added, drop by drop, the tiuid will show in the points of 
contact a white turbidity, which, however, will immediately 
disappear upon shaking, as long* as the nitrate of mercury con- 
tinues to decomjiose the chloride of sodium in the manner just 
stated ; but the moment this double decomposition is complete, 
an additional drop of the solution of the salt of mercury will 
produce a permanent white turbidity. According-ly, if we 
know the amount and strength of the solution of the salt of 
mercury required to attain this point, we know also the amount 
of chlorine in the solution ; since 1 eq. mercury in the mer- 
curial solution corresponds to 1 eq. chlorine. 

hb. Preparation of tlw solution of nitrate of mercury. As this solu- 
tion must be jierfectly free from other metals, it is advisable to 
prepare it with oxide of mercury — precipitated from solution of 
crystallized chloride of mercury by soda, and thoroughly 
washed — by dissolving 10 *8 grin, of the dry oxide in nitric 
acid, evaporating the solution to the consistence of syrup, and 
diluting with water to 550 c.c. Or the solution may be made 
by dissolving repeatedly recrj^stallized nitrate of suboxide of 
mercury in water, with addition of nitric acid, heating to 
boiling, adding strong nitric acid until no more red fumes 
escape, evaporating to the consistence of syrup, and diluting 
with a ])roper quantity of water to g*ive a solution of tolerably 
correct strength. 

cc. Determination of the strength of the solution. This is effected 
with the aid of a solution of chloride of sodium of known 
strength, which Liebig prepares by mixing 20 c.c. of a 
saturated^ solution of pure rock salt or chemically pure chloride 
of sodium, with 208*4 c.c. water, A c.c. of this solution con- 
tains 20 mgrm. chloride of sodium. 

Of this solution of chloride of sodium measure 10 c.c. into a 
small beaker, and add 3 c.c. of a solution of urea containing 
4 grm. in 100 c.c. 

Let the solution of mercury to be standardized drop into 


♦ Annal. d. Cheni. u. Pharm 85, 207. 
f Saturated at the commou temperature. 
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this mixture from a burette, with shaking*, until a perceptible 
precipitate forms, which on shaking fails to redissolve.* 
dd. When you have in this way ascertained how many c.c. of the 
mercurial solution correspond to the 10 c.c. of the solution of 
common salt = ‘2 grm. chloride of sodium, you may use the 
mercurial solution without further preparation, if you do not 
mind the trouble of a little calculation. But if you wish to 
avoid this, you must previously dilute the mercurial solution 
in a manner that every cubic centimetre may corresj)ond to an 
integral number of milligrammes of chloride of sodium or 
chlorine. Liebig dilutes it so that 1 c.c. corresponds to 
*01 grm. chloride of sodium. 

ee. If the test Iluid is intended to examine solutions containing a 
large amount of foreign salts, or an excess of urea, the 10 c.c. 
of tiie chloride of sodium solution must be mixed with 5 c.c. ot 
a cold saturated solution of sulphate of soda,t in addition to the 
8 c.c. of solution of urea, before the mercurial solution is added. 
The results are accurate. 

5. AlhaUnwtricalJif (after Bohlig.J) Add to the solution if necessary 
carbonate of ]»otash (avoiding a considerable excess) to precipitate 
alkaline earths or metallic oxides, dilute to 250 c.c., mix, filter and 
determine the alkalinity in 50 c.c. according to § 220. Then mix 
125 c.c. of the filtrate in a | litre flask with pure oxide of silver in 
excess, fill up with water and shake frequently with exclusion of light. 
In the course of a few minutes filter throuj^h a dry ])aper, take out 
100 c.c. of the filtrate with a pipette ( = 50 c.c. of the original fluid) and 
redetermine the alkalinity. The difference between the alkalinity in 
the two cases corresjionds to the chlorine in the solution. It is well to 
test a portion of the second filtrate for chlorine. The method is parti- 
cularly adapted for technical purjioses. 

Of these volumetric methods of estimating chlorine, the first de- 
serves the preference in all ordinary cases. It cannot be employed, 
however, for urine, as compounds of oxide of silver with coloring 
matters, tfec., precipitate with the chloride of silver (C. ]\eubaueb§). 
PisAKi’o method (Z>, /3) is especially suited for the estimation of very 
minute quantities of chlorine, but is not applicable when — as in nitre 
analysis — large quantities of alkaline nitrate are present (p. 286). 

♦ A mere opalencence of the fluid is disregarded, as tliis proceeds simply from a 
trace of foieigii metals, that it does not indicate the completion of the reaction is 
readily seen from the circumstance that it is not increased by a further addition of the 
mercurial solution. 

f The reason of this addition is. that the nitrate of mercuiy and urea is more 
readily soluble in pure water than in saline solutions ; to attain accurate results, 
therefore, it is necessary that the solvent power of the fluids should be as nearly as 
possible the same in the preliminary determination of the strength of the mercurial 
solution as in the subsequent analytical process. 

Zeitschr. f. anal. Chem. 9, 314. 

§ In order to apply the method also to urine, Pribuah (Zeitschr. f. anal. Cheiu. 
9, 428) heats 10 c.c. urine with 50 c.c. of solution of pure permanganate of potassa 
(containing 1 or 2 grm. in 1 litre) to gentle ebullition, filters off Uie brown flocks, 
washes and determines the chluiitie in the filtrate by 6, a. 



HYDROCHLORIC ACID. 


359 


§ 1 «.] 


II. Separation of Chlorine from, the Metals. 

a. In Soliible Chlorides. 

The same method as in I., a. The metals in the filtrate are 
separated from the excess of the salt of silver by the methods which 
will be found in Section V. Chlorides soluble in water may also be 
completely decomposed by cold digestion with oxide or carbonate of 
silver. Chloride of silver is obtained, while the metal combined with 
the chlorine is converted into oxide or carbonate and either remains in 
solution or falls down with the chloride of silver. Take care that no 
traces of oxide or carbonate of silver pass into the filtrate. 

Bichloride of tin^ chloride of mercury.^ the chlorides of antimony^ the 
green chloride of chromium and bichloride of platinum^ form excejitions from 
the rule. 

a. From bichloride of tin, nitrate of silver would precipitate, besides 
chloride of silver, a compound of binoxide of tin and oxide of silver. 
To precipitate the tin, therefore, the solution is mixed with concentrated 
solution of nitrate of ammonia, boiled, allowed to deposit, decanted, and 
filtered (compare § 12G, 1 b), and the chlorine in the filtrate is preeijii- 
tuted with solution of silver. Lowenthal, the inventor of this 
method, has proved its accuracy.* 

i3. When chloride of imrcury is precipitated with solution of nitrate 
of silver, the chloride of silver thrown down contains an admixture of 
mercury. The mercury is, therefore, first precipitated by sulphuretted 
hydrogen, and the chlorine in the filtrate determined as directed in 
§ 1 () 9 . 

y. The chlorides of antimony are also decomposed in the manner 
des(;ribed in The separation of basic salt upon the addition of water 
may be avoided by addition of tartaric acid. The sulphide of antimony 
should be tested for chlorine. 

b. Solution of silver fails to precipitate the whole of the chlorine 
from solution of the green chloride if chromium (Peligot). The chromium 
is, therefore, first precipitated with ammonia, the fluid filtered, and the 
chlorine in the filtrate precipitated as in I., a. 

€. From bichloride of platinum nitrate of silver throws down a com- 
pound of protochloride of platinum and chloride of silver (CoMAiLLEf).^ 
We may either ignite the bichloride of platinum in a current of 
hydrogen and pass the hydrochloric acid produced into solution ot 
silver (Bonsdohff) ; or we may evaporate the solution with carbonate 
of soda, fuse the residue in a platinum crucible and determine the 
chloride in the aqueous solution of the fusion. Or, thirdly, we may 
(after TopsoeI) digest the moderately dilute solution in the cold with 
zme clippings till hydrogen ceases to escape, add ammonia in excess, 
beat on a water- bath till the fluid is fully decolorized, all the platinum 
being precipitated, and finally determine the chlorine in the filtrate. 

h. In Insoluble Chlorides. 

a. Chlorides soluble in Nitric Acid. 

Dissolve the chloride in nitric acid, without applying heat, and 
proceed as in I., a. 

* Joum. f. prakt. Chem. 66, 371. 
i Zeit:ichr. f. anal. Chem. 6, 121. 


X Ib. 9, 30. 
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p, Ch^ari/i^s insolvhle in Nit He Acid (chloride of lead, chloride of 
silver, subchloride of mercury). 

aa. Chloride of lead is decomposed by dig*estion with alkaline 
bicarbonate and water. The process is exactly the same as for 
the decomposition of sulphate of lead (§ 132, ll., h, /S). 

hh. Chloride of silver is ig'nited in a porcelain crucible, with 3 
parts of carbonate of soda and potassa, until the mass com- 
mences to agrg’lutinate. Upon treating with water, the metal- 
lic silver is left undissolved ; the solution contains the alkaline 
chloride, which is then treated as in I., a. 

Chloride of silver may also be readily decomposed by long 
digestion with pure iron (reduced by hydrogen) and dilute sul- 
phuric acid. Zinc may be used instead of iron but it does not 
answer so well. The separated metallic silver may be washed, 
heated with dilute sulphuric acid, washed again and weighed ; 
it must afterwards be ascertained, however, whether it dissolves 
in nitric acid. The chlorine is determined in the chloride of 
iron or zinc as in I., a. 

cc. Subchloride of mercury is decomposed by digestion with solu- 
tion of soda or potassa. The hydrochloric acid in the filtrate 
is determined as in I., a. The suboxide of mercury is dissolved 
in nitric or nitrohydrochloric acid, and the mercury de- 
termined as directed in § 117 or § 118. 

<?. soluble chlorides of the nietals of thefourthy fifth, and si^xth groups 
may generally be decomposed also by sulphuretted hydrogen, or, 
sulphiae of ammonium. The hydrochloric acid in the filtrate is de- 
termined as in § 169, It must not be omitted to test the precipitated 
sulphides for chlorine. Several chlorides, chloride of cadmium for 
instance, give sulphides free Irom chlorine with sulphide of ammonium 
but not with sulphuretted hydrogen. 

d. In many metallic chlorides, for instance, in those of the first 
and second groups, the chlorine may be determined also by evaporating 
with suljihuric acid, converting the base thus into a sulphate, which is 
then ignited and weighed as such ; the chlorine being calculated from 
the loss. Tins method is not applicable in the case of chloride of silver 
and chloride of lead, which are only imperfectly and with difficulty 
decomposed by sulphuric acid ; nor in the case of chloride of mercury 
and bichloride of tin, which sulphuric acid fails almost or altogether to 
decompose. 


Supplement. 

Determination of Chlorine in the Free State. 


§142. 


Chlorine in the free state may be determined both in the volumetric 
and in the gravimetric way. The volumetric methods, however, 
deserve the preference in most cases. They are very numerous. 

I shall only here adduce that one which is unaoubtedly the most 
accurate and at the same time the most convenient."* 


♦ Compare “ Chlorimetiy” in the Special Part.^ 
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1. Volumetric Method. 

With Iodide of Potassium, {after Bunsen). 

Bring the chlorine, in the gaseous form or in aqueous solution, into 
contact with an excess of solution of iodide of potassium in w^ater. 
Each eq. chlorine liberates 1 eq. iodine, which remains dissolved in the 
excess of iodide of potassium. By determining the liberated iodine by 
means of hyposulphite of soda as in § 14G, you will accordingly learn 
the Quantity of chlorine, and, in fact, with the greatest accuracy. If 
you have to determine the chlorine of chlorine water, measure a ])ortion 
off with a pipette. So as to prevent any of the gas entering the mouth, 
connect the upper end of the pipette with a tube containing moi'*t 
hydrate of potassa laid between wool. When the pipette has been cor- 
rectly filled allow its contents to flow, with stirring, into an excess of 
solution of iodide of potassium (1 in 10). There is no difficulty about 
knowing whether the latter is sufficiently in excess, for if not, a bla( k 
precipitate is formed. IF the chlorine is evolved in the gaseous condi- 
tion, you may employ either the apparatus given in § 130, I., j3, or 

the following, which is especially suitable where the chlorine is not 
pure, but is mixed with other gases. 



Fig. 95. 


is a little flask, from which the chlorine is evolved by boiling the 
substance with hydrochloric acid, a small lum]> of magnesite being 
added ; it is connected with the tube, by means of a flexible tube. 
The latter must be free from sulphur — should it contain sulphur it is 
well boiled with dilute potassa and then thoroughly washed. The 
thinner tube, c, which has been fused to the bulb of leads through 
the caoutchouc stopper (which has been deprived of sulphur) to the 
bulbed U-tube, d, which contains solution of iodide of potassium, and 
which for safety is connected with the plain U-tube, t*, also containing 
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iodide of potassium solution. Both tubes stand in a beaker filled with 
water. The apparatus offers the advantages that the fluid cannot re- 
turn, that the iodide of potassium remains cold, and that the absorption 
is complete. After all the chlorine has been expelled by boiling long 
enough, rinse d and e out into a beaker and titrate with standard hypo- 
sulphite of soda (§ 146). 

2. Grmnmetric Method, 

The fluid under examination, which must be free from sulphuric 
acid, say, for instance, 80 grm. chlorine water, is mixed in a stoppered 
bottle, with a slight excess of hyposulphite of soda, say *5 grm., the 
stopper inserted, and the bottle kept for a short time in a warm place ; 
after which the odor of chlorine is found to have gone off. The mixture 
is then heated to boiling with some hydrochloric acid in excess, to 
destroy the excess of hyposulphite of soda, filtered, and the sulphuric 
acid 111 the filtrate determined by baryta (§ 182). 1 eq. sulphuric acid 

corresponds to 2 eq. chlorine (Wicke*). 

In Jiuids contaminff, besides free chlorine^ also hydrochloric acid, or a 
metallic chloride, the chlorine existing in a state of combination may be 
determined, in presence of the free chlorine, in the following way : — 

A w'eighed portion of the fluid is mixed with solution of sulphurous 
acid in excess, after some time nitric acid is added, and then chromate 
of potassa to destroy the excess of sulphurous acid, and the w^hole of 
the chlorine is precipitated as chloride of silver. The quantity of the 
free chlorine is then determined in another w'eighed portion, by means 
of iodide of potassium ; the difference gives tlie amount of combined 
chlorine.f 


Having thus seen in how simple and accurate a manner the quantity 
of free chlorine may be determined by Bunsen’s method, it will be 
readily understood that all oxides and j)eroxide8 which yield chlorine 
when heated with hydrochloric acid, may be analysed by heating them 
with concentrated hydrochloric acid, with addition of a small lump of 
magnesite, and determining the amount of chlorine evolved. 

§ 143. 

2. Hydrobromic Acid. 

I. Determination, 
a. Gravimetric Metlutds, 

Estimation as bromide of silver. Free hydrobromic acid — in a solu- 
tion free from hydrochloric acid or chlorides — is precipitated by silver 
solution, and the further process is conducted as in the case of hydro- 
chloric acid (§ 141). For the properties of bromide of silver, see 
§ 94, 2, The results are perfectly accurate. 

♦ Annal. d. Cbem. «. Pharni. 99, 99. 

+ If chlorine water is mixed at once with nitrate ol silver, i only of the chlorine is 
obtained aa chloride of silver: 6Cl + 6AgO=.6AgCl-h Ag0,C10j (H. Rose, Wbltzikn, 
Anna!, d. Chem. n. Pharm. 91, 45). If chlorine water is mixed with ammonia in 
excess, there are formed at first chloride of ammonium and hypochlorite of ammonia, 
the latter then gradually decomposes into nitrogen and chloride of ammonium ; how- 
ever, a little chlorate of ammonia is also fomi^ besides (SchONBBIS, Journ. f. pi-akt. 
Cheuj. 84, 386 ; Zeitscbrift f. aualyt. Cbem. 2, 59). 
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h. Volumetric Methods, 

Like hydrochloric acid and the chlorine in alkaline metallic chlo- 
rides, bromine may be estimated in the analogous compounds by 
stattdard silver solution (§ 141, I., hj a), by solution of silver and iodide of 
starch (§ 141, I., h, 13 )^ and by the alhalimetric method (§ 141, I., &, 3). 
But these methods are seldom applicable, as they cannot be used in 
the presence of hydrochloric acid and metallic chlorides. 

The following* methods must therefore be detailed; they are espe- 
cially useful for the estimation of small quantities of bromine in solu- 
tions containing* chlorides, but in point of accuracy they leave much to 
be desired.* 

a. With chlorine water and chloroform (after A. REiMANNf). This 
method depends on the facts that chlorine when added to bromides 
first liberates the bromine and then combines with it, and that bromine 
colors chloroform 3"ellow or orang*e, while chloride of bromine merely 
communicates a yellowish tinge to that fluid. The process is as follows : 
— Mix the liquid containing* a bromide of an alkali metal in neutral so- 
lution, in a stojipered bottle with a drop of pure chloroform about the 
size of a hazel-nut, then add standard chlorine winter from a burette, 
protected from the light by being surrounded with black paper. On 
shaking, the chloroform becomes yellow, on further addition of chlorine 
water, orange, then yellow again, and lastl}" — at the moment, when 
2 eq. chlorine have been used for 1 eq. bromine — A'ellowish white 
(KBr + 2C1 = KCl + BrCl). Considerable practice and skill are required 
before the operator can tell the end-reaction. He will be assisted by 
placing the bottle on white paper and comparing the color of the 
chloroform with that of a dilute solution of yellow chromate of potassa 
of the required color. The strength of the chlorine water should 
depend on the amount of the bromine to be determined. J t should be 
so adjusted that about 100 c.c. may be used. The chlorine water is 
standardized with iodide of potassium and hyposulphite of soda 
(§ 142, 1). The method is especially suited for the determination of 
small quantities of bromine in mother liquors, kelj), A;c. The results 
are approximate: c.//., *0180 instead of *0185 — *055 instead of *059 — 
*0112 instead of *0100, <fec. If the fluid contains org*anic substances, 
it is — after being rendered alkaline with caustic soda — evaporated to 
dryness, the residue ignited in a silver dish, extracted with water, tlie 
solution neutralized exactly with hydrochloric acid, and then tested. 

fi. With chlorine water and the ajrplwation of heat (after FiGTTiERt). 
This method is based upon the circumstances that 1 eq. chlorine 
liberates from a solution of a metallic bromide 1 eq. bromine, and that 
bromine imparts a yellow color to an aqueous solution, and escapes 
readily upon boiling, the yellow tint of the solution disappearing with 
the escape of the bromine. The chlorine is used in dilute aqueous 
solution. It is standardized immediately before use, by making it act 
upon a solution of bromide of sodium of known strength, acidified with 
a few drops of hydrochloric acid (or more simply with iodide of 
potassium and hyposulphite of soda, according to § 142, 1). The 
mother liquor is heated in a flask nearly to ebullition ; chlorine water 
is then added from a burette covered with black paper, and the mixture 

* Compare § 169. + Annal. d. Gbem. u. Pharm. 115, 140. 

t Annal. de Chim. et de Phys. 83, 803; and Joum. f. prakt. Chein. 54, 293. 
Proposed to effect the determination of bromine in mother liquors. 
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heated for about 3 minutes, whereupon the yellow tint imparted to the 
fluid by the addition of the chlorine water will disa})pear a^ain ; the 
mixture is now allowed to cool for 2 minutes, after which some more 
chlorine water is dropped into it, heat again a])plied, and the same 
process repeated until further addition of chlorine water fails to impart 
a yellow color to the fluid. Should the experiment last several hours, 
the strength of the chlorine water must be determined once more 
at the end of the process, and the calculation of the results based upon 
the mean of the two experiments. Alkaline fluids must be slightly 
acidified with h3"drochloric acid. Protoxide of iron, protoxide of 
manganese, iodine, and organic matters must not be present. Mother 
liquors colored yellow by organic matter should be evajiorated to 
dryness, the residue gently ignited, then treated with water, and the 
fluid filtered. In evaporating* the solutions to dr\*ness, carbonate of 
soda must be added, since chloride and bromide of magmesium evolve 
hydrochloric and h3^drobromic acids in the process. 

From my own experiments it appears that the process is hastened, 
and the results improved by providing the flask used for boiling the 
liquor with a cork containing three perforations. Through one car- 
bonic acid is passed to the bottom of the fluid, through another the 
point of the burette — in this case somewhat lengthened — passes, and 
through the third the carbonic acid and the bromine escape. The 
fluid IS kept in gentle ebullition throughout the operation. 

y, Heine’s cohyrwietrk method,* The bromine is liberated by means 
of chlorine, and taken up with ether ; the solution is compared, with 
respect to color, with an ethereal solution of bromine of known strength, 
ana the quantit}^ of bromine in it thus ascertained. FehlingI 
tained satisfactory results by this method. It will at once be seen that 
the amount of bromine contained in the fluid to be analysed must be 
known in some measure, before this method can be resorted to. As the 
brine examined by Fehling could contain at the most '0‘J grm. 
bromine in GO grm., he prepared ten diflerent test fluids, by adding to 
ten several portions of GO grm. each of a saturated solution of common 
salt increasing quantities of bromidt? ot potassium, containing respectively 
from *002 grm. to *020 grm. bromine. He added an equal volume of 
ether to the tc^t fluids, and then chlorine water, until there was no 
further change observed in the color of the ether. It being of the 
highest importance to hit this point exactl3", since too little as w*ell as 
too much chlorine makes the color apjiear lighter, Fehling prepared 
three samples of each test fluid, and then chose the darkest of them 
for the comparison. GO grm. are now takenj of the mother liquor to 
be examined, the same volume of ether added as was added to the 
test fluids, and then chlorine water. Every experiment is repeated 
several times. Direct sunlight must be avoided, and the operation 
conducted with proper expedition. In my opinion it is well to replace 
the ether by chloroform or bisulphide of carbon. Caignet§ substituted 
hypochlorite of soda for the chlorine water, and removed the colored 
bisulphide of carbon from time to time. 

* Joum. f. prakt. Chem. 86, 184. Proposed to effect the detencination of bromme 
in mother li(^uore. 

t Joum. f. prakt. Chem. 46, 269. 

4: The best way is to take them by measure. 

$ Zeitschr. f. anal. Chem. 9, 427. 
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II. Separation of Bromine from the Metals, 

The metallic bromides are analysed exactly like the corresponding 
chlorides (§ 141, II., a to rf), the whole of these methods being appli- 
cable to bromides as well as chlorides. In the decomposition of 
bromides by sulphuric acid (§ 141, II., d), porcelain crucibles must be 
used instead of platinum ones, as the latter would be attacked by the 
liberated bromine. Some bromides it must be remembered are not 
completely decomposed by suljdiiiric acid; for instance, bromide of 
mercury is not. The soluble bromides may be converted into chlorides 
by evaporation with hydrochloric acid and excess of chlorine water; 
but this process cannot be apjdied wdiere the chloride is liable to be 
carried away with the steam ; for instance, in the case of bromide of 
mercury. 


Supplement, 

DeUrminatum of Free Bromine. 

§144. 

Free bromine in acjueous solution, or evolved in the gaseous form, 
is caused to act on excess of solution of iodide of potassium. Each erp 
bromine liberates 1 eq. iodine, which is most conveniently determined 
by means of hyposulphite of soda (§ 14()). As regards the best mode of 
bringing about the action of the bromine on the iodide of potassium, 
compare § 142, 1. 

' llie determination of free bromine in presence of hydrobromic acid 
or metallic bromides is <*ilected in the same manner us that of free 
chlorine in jirescnce of hydrochloric acid (see § 112). 


§ 145. 

3. Hydriodic Acid. 

I. JDefermivation.* 
a. Gravimetric Methods, 

a. Estimation as iodide of silver. If you have hydriodic acid in solution, 
free from hydrochloric and hydrobromic acids, jirecijiitate with nitrate 
of silver, and ]iroceed exactly as with hydrochloric acid (§ 141). If 
the solution were colored with free iodine, first add sulphurous acid 
cautiously till the color is removed. The particles of iodide of silver 
adhering to the filter are not reduced on incineration, but a little of the 
iodide is liable to volatilize if the heat is too high. Hence the filter 
should be got as clean as possible, and the heat during incineration 
should not bo unduly raisea. For the ])ro})erties of iodide of silver, 
see § 94, 3. The results are perfectly accurate. 

Estimation as protiodide of palladium. The following method, re- 
commended first by Lassaignk, is resorted to exclusively to etfect the 
separation of hydriodic acid from h3’^drochloric and hydrobromic acids, 
for which jmrpose it is extremely well adapted. The solution may not 
contain any alcohol. Acidify it slightly with hj^drochloric acid, and 


* For the methods to be adopted in the presence of bromine and chlorine, see 
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add a solution of protochloride of palladium, as long as a precipitate 
forms ; let the mixture stand from 24 to 48 hours in a warm place, 
filter the brownish -black precipitate off on a weighed filter, wash with 
warm water, and dry at 100°, until the weight rtunains constant. For 
the properties of the precipitate, see § 94, 3. This method gives very 
accurate results. Instead of simply drying the protiodide of palladium, 
and weighing it in that form, you may ignite it in a current of 
hydrogen in a crucible of porcelain or platinum,* and calculate the 
iodine from the residuary palladium (H. Kose.) Compare § 122, 1. 

h. Yolum^'tric Methods. 

a. The methods given for hydrochloric acid by precipitatin/ji with 
silver solution (§ 141, I., b, a), by silver solution and iodide of starch 
(§141, I., b. ^), and also by alkalimetry (§141, 1., h) may be used for 
liydriodic acid and alkaline iodides; the absence of chlorine and 
bromine being of course presupposed. 

W ith nitrous acid and bisulphide of carbon. This excellent method 
has been in frequent use in my laboratory for a length of time, it may 
be used for small or large quantities of iodine. We require : — 

aa. Solution of iodide of ])()tassium of known strength. Made by 
drying the pure salt at 180° (see p. lOb) and dissolving an exactly 
weighed quantity (about 5 grm.) to 1 litre. 
hb. Solution of hyposulphite of soda containing about 13 or 13*5 
grm. of the jiure crystallized salt in 1 litre. 
cc. Solution of nitrous acid in suljihuric acid. Prepared by 
passing nitrous acid gas into sulphuric acid to saturation. 
dd. Pure bisuljdiide of carbon (p. 91). 

ee. Solution of bicarbonate of soda. Made by dissolving 6 grm. 
in 1000 c.c. cold water and adding 1 c.c. of hydrochloric acid to 
the solution. 

Begin by standardizing the hyposulphite as follows. Take a well- 
stoppered bottle of about 400 c.c. cajiacity, transfer to it 50 c.c. of the 
iodide of potassium solution, add a])out 150 c.c. water, 20 c.c. bisulphide 
of carbon, some dilute sulphuric acid, and 10 dro})S of the solution of 
nitrous acid in sulphuric acid. Insert the stopper and shake the bottle 
violently for some tune, allow to settle, and ascertain by adding a few 
more drops of the nitrous acid that the whole of the iodine has been 
liberated. Shake again, allow to settle, and pour the supernatant fiuid 
as completely as possible into a fiask, leaving the bisul]>hide of carbon 
in the bottle, add 200 c.c. winter to the latter, sliake w cdl, pour off the 
water into the fiask and repeat the w^asliing till the last water has no 
acid reaction. To the contents of the fiask add 10 c.c. bisulphide of 
carbon, shake well, pour ofi' into a second fiask, wash the bisulphide a 
little, and finally shake the contents of the second fiask again with some 
fresh bisulphide, which should now be barely tinged. Collect the 
bisulphide from both fiasks on a filter moistened with water, wash it 
till the washings are no longer acid, j)lace the funnel in the bottle and 
pierce the point of the filter so that the bisul])hide from all the opera- 
tions may be mixed. Add 30 c.c. of tlie bicarbonate of soda and then 
the hyposulphite from a burette, with continual shaking, till the 
bisulphide has lost its color. The number of c.c. of hyposulphite used 
will correspond to the iodine in 50 c.c. of iodide of potassium solution. 

* This subBtiiiice is not injured by the operation. 
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The analysis is performed exactly as above. The hyposulphite 
requires to be standardized before every fresh series of experiments, as 
it is liable to slight alteration. The presence of chlorides has no 
influence whatever on the results. In determining* minute quantities 
of iodine let the solutions be ten times weaker, and use smaller 
quantities and smaller vessels. 

The results are entirely concordant and exact. 

y. With permanfjanate of potash^ after Reinige.* This method 
takes but little time and yields good results. It depends on the fact 
tliat alkaline iodides decom})Ose with permanganate of potash in ac- 
cordance wdth the following equation — 

KI + 2(K0,Mn,0,) = KO,IO, + 2KO + 4MnO,. 

This reaction was first suggested by Pean de SAiNT-GiLLESf as the 
basis of a volumetric method for estimating iodine. A boiling heat 
favors the decomposition. In the case of very dilute solutions some 
alkaline carbonate is added to commence the change. The presence of 
chlorides and bromides is without effect. 

We require solutions of permanganate of potash and hyposulphite 
of soda each containing about 5 grni. per litre. The permanganate is 
standardized either according to § 112, 2, or by a solution of iodide 
of jiotassium of known strength, in the manner described below. The 
hyposuljihite is used to estimate the excess of permanganate, we 
must therefore standardize it on the latter. The reaction is as fol- 
lows : KO,Mn./), -f 0(IVaO,S,O,) = 2MnO., + 8(JNI aO,S/),) + KO + 3NaO. 
Measure ofl‘ about 1 c.c. of the jiermanganate, add a (|uantity of water, 
a few drops of carbonate of soda, and then hyposulphite from a burette 
till the red color is gone ; the point is not difficult to hit in very dilute 
solutions notwithstanding the presence of the brown hjdrated peroxide 
of manganese. 

The solution to be analysed should contain all the iodine in the 
form of alkaline iodide. Add a little carbonate of i)otash or soda, 
heat to gentle boiling, and add the permanganate till the fluid con- 
taining* the brown j^rccijiitate in suspension assumes a distinctly red 
color, which does not disappear on repeating boiling. To detect the 
color better remove the flame a few seconds from the flask to enable 
the precijjitate to subside. IVow transfer the whole to a 500 c.c. 
measuring flask, allow to cool, fill up to the mark, remove 100 c.c. with 
a pipette, and titrate with hyi>osiilphite till the fluid is decolorized. 
Multiply the amount of the latter used by 5, calculate it into per- 
manganate, and deduct this from the amount of })ermanganate used ; 
the remainder corresponds to the amount of iodine present. It is not 
so well, as Reinige directs, to titrate the excess of permanganate 
directly in the fluid with the brown precipitate sus])ended in it. 

It need hardly be mentioned that organic and other reducing matter 
must be carefully excluded. 

8. With siliHT solution and iodide of starch (Pis A Nit). We require stan- 
dard decimal silver solution (}).355) and standard iodide of starch (]). 240). 

The solution to be analysed should contain the iodine in the form 
of alkaline iodide. Jt may be neutral or slightly acid. Add a little 
j)ure precipitated carbonate of lime, then a half or one c.c. of iodide of 

* Zeitsclir. f. anal. Chem. 9, 39. f Compt. rend. 46, 624. 

z Jb. 44, 352. 
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starch and then silver solution from the burette with stirring* * * § , till the 
iodide of starch has lost its color. Determine the small quantity of 
silver solution necessary to decolorize the iodide of starch employed, 
and after deducting* this from the quantity of silver solution used in the 
above experiment, you wull find the quantity corresponding to the 
iodine present. The method, it will be seen, depends on the silver 
solution first decomposing the metallic iodide, then the iodide of starch, 
and finally any chloride present. The method is soon executed, and in 
the absence of chlorides and bromides yields good results. In the 
]»resence of small quantities of chlorides the results are still approximate, 
but much chloride entirelj" destroys their accuracy, as the ])recipitated 
chloride of silver is not decomposed with sufficient rapidity by the 
metallic iodide and iodide of starch present. Bromides interfere still 
more than chlorides. 

6. By distillation with sesqui chloride of iron (Dttflos). When hydriodic 
acid or a metallic iodide is heated in a retort with solution of pure 
sesquichloride of iron, the whole of the iodine escapes with the aqueous 
vapor, and protochloride of iron is formed (PejCl, + HI = 2FeCl + 
HCl -f I). The iodine passing over is received m solution of iodide of 
potassium and determined by hyposuljihite of soda, as directed § 140. 
In employing this method it must be borne in mind that the sesqui- 
chloride of iron must be free from chlorine and nitric acid. It is best to 
jirepare it from sesquioxide of iron and hydrochloric acid. We must 
not forget too that the separated iodine is lialile to act on cork and 
caoutchouc; the apparatus should therefore lie constructed according 
to fig. 78, p. 170. 

f. Kersting’s method* coTiS\s>ts in precipitafiny with standard proto- 
vhloruie of palladium till no further turbidity is produc.ed. It gives 
good results, but is somewhat tedious and therefore not much used. A. 
and F. Du prig’s methodf depends on the action of chhmne water upon 
alhuHne iodide. This gives good results only in the absence of chlorides.I 

rj. H. Str eve’s colorinuqric method^ may be used in many cases. In 
this method the amount of iodine is estimated by the dejith of color 
which the sejiarated iodine gives to a measured quantity of bisulphide 
of carbon. 

II. Siparatimi of Iodine from the Metals, 

The metallic iodides are in general analysed like the corresponding 
chlorides. From iodides of the alkali metals containing free alkali the 
iodine may be jirecijdtated as iodide of silver, liy fir.st saturating the 
free alkali almost completely with nitric acid, then adding solution of 
nitrate of silver in excess, and finally nitric acid to strongly acid re- 
action. If an excess of acid were added at the beginning, free iodine 
might separate, which is not converted completely into iodide of silver 
by solution of nitrate of silver. In compounds soluble in water the 
iodine may generally be precipitated as protiodide of palladium ; you 
may also determine the base in one portion (decomposing the compound 
with concentrated sulphuric acid), and the iodine in another portion 
according to I., />, f. 

* AnnaL d. Chem. u. Pharm. 87, 25. t Ib. 94, 365. 

X H. Haxidb. d. anal. Chem. 6 Auil. von Finkbneb, ii. 628 ; and also my 

own experiments. 

§ Zeitschr. f. anal. Chem. 8, 230. 
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Iodine cannot be separated from platinum directly with nitrate of 
silver, as insoluble platinum salts would be thrown down with the 
iodide of silver. For this purpose H. Topsoe* recommends the fol- 
lowing; process : — Dissolve the substance in a g-ood amount of water, 
add solution of bisulphite of soda and sulphurous acid, heat on a water- 
bath till the color has entirely disappeared, and the platinum is conse- 
fjuently converted into protosulphite. In this operation a white 
nocculent precipitate of sulphite of protoxide of platinum and soda which 
is difficultly soluble, separates ; it redissolves on addition of sulphurous 
acid. After heating on the water- bath for some time, allow to cool 
completely, precipitate with silver solution, which should not be added 
in large excess, add nitric acid, heat for about an hour to redissolve 
the suljdiite of silver first thrown down with the iodide, and then filter 
off* the latter. Occasionally it is to be preferred to add sulphurous acid 
instead of the sulphite of soda, and then, when the fluid has been 
heated and the color has gone, to add an excess of ammonia. In this 
way the platinum compound is not thrown down, and the sulphite of 
silver does not sejiarate after the addition of silver solution till nitric 
acid is added, and is immediately redissolved by the excess of the 
same. 

For the analysis of insoluble iodides, especially the iodides of silver 
and lead, the protoiodide of mercury and the subiodide of copper, E. 
MkuselI strongly recommends hyposulphite of soda, in which these 
salts dissolve. Very little water should he used, and as small a quan- 
tity of the hyposuljihite as possible. The metal is precipitated from 
the solution by suljihide of ammonium in the form of sulphide. Evapo- 
rate the filtrate with soda and heat the residue in a ]>latinum dish to 
incipient redness to destroy the hyposulphite and tetrathionate of soda. 
Dissolve the fusion in water by the aid of heat, and determine the 
iodine in it by I., i, c. A large quantity of sesquichloride of iron will 
be required to decompose the sulphite of soda the residue in the 
retort should have a deep reddish-brown color. 

Iodide of silver may be decomposed also by fusing with carbonate 
of soda (see p. 300), but not by igniting in a current of Indrogen, and 
not complete!}" by zinc or iron. Frotoiodide of iiKucurv may be easily 
decomposed by distilling with 8 or 10 parts of a mixture of 1 part 
cyanide of potassium and 2 parts (piick lime. For the apparatus, see 
fig. 81, p. 250 ; ah is filled with magnesite (H. RdseJ). Protoiodide of 
palladium may be decomjiosed by igniting in hydrogen. 8ubiodide of 
cofiper, and many other iodides may be decomposed by boiling witli 
potash or carbonate of soda. Portions of metal, whicli may jiass into 
the alkaline solution, may be thrown down by sul])liide of ammonium, 
or by acidifying with acetic acid, and passing sulphuretted hydrogen. 

Supplement. 

Determination of Free Iodine. 

§146. 

The determination of free iodine is an operation of great importance 
in analytical chemistry, since, as Bunsen§ first pointed out, it is a 

♦ Zeitschr. f. anal. Ciiem. 9, 30. f Ih. 9, 20S, t Jb. 2, 1. 

S Anual. d. Cheiii. u. Phann. 8t>, 265. 
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means for the estimation of all those substances which, when brought 
ill contact with iodide of potassium, separate from the same a definite 
(piantity of iodine (c./;., chlorine, bromine, &c.), or, when boiled with 
hydrocliloric acid, yield a definite Quantity of chlorine chromic 
acid, peroxide of man<»*anese, <&c.). By causing* the chlorine produced 
to act on iodide of potassium, we obtain the equivalent quantity of free 
iodine. 

Of the various methods which have been proposed for the estimation 
of free iodine, the oldest is that of Schwarz.* It is based upon the 
following* reaction : ‘J (IS a 0, S.^ 0.) + l = Nal + Na 0,8^^. ‘J4-8 grm. 

]>ure crystallized liyposulphite of soda are dissolved to 1 litre. 1000 c.c. 
of the solution correspond to i.e,, to *1 eq. iodine. This solu- 

tion is added to the solution of the substance in iodide of potassium, 
until the fluid ajipears bright yellow, 3 or 4 c.c. thin and very clear 
starch paste are then added, which must produce blue coloration, and 
finally ag^ain hvjiosuljihite of soda, until the blue fluid is decolorized. 

This method, though in itself excellent, is open to this objection — 
that it is diflicult to obtain a solution of absolutely exact value by 
weig-hing- off hyposuljdiite of soda, as the salt is not readily procurable 
in a perfectly pure and dry condition, and although the solution does 
not chang:e ra])idly or to any g-reat extent, it is still liable to g*radual 
alteration, especially under the influence of light. 

Bunsen’s researches on the volumetric estimation of iodine cited 
aiiove, produced a very important and beneficial effect on the vchole 
domain of chemical analysis. His process depends on the fact, that 
>\lien iodine comes in contact with an aqueous solution of suljdmrous 
H' id, u decom])()sition takes place in accordance with the equation, 
J 4- l?HO -f SOj-- HI + HO, SO,, provided the solution does not contain 
more than ’04 to *05 jier cent of anhydrous sulphurous acid. If the 
solution is niort* coiiceiitratod, another reaction also takes place to a 
greater or less extent — namely, HI + H 0 ,S 03 = I + 2HO + S* 

In tills method, a solution of iodine in iodide of potassium contain- 
ing a kmn^ n (|uaiitity of free iodine is employed, and we commence by 
determining the relation between it and a sufficiently dilute solution of 
sulphurous acid. In applying the method, the iodine to be (estimated 
i- dissolved m iodide of potassium, the standard sulphurous acid is 
lidded to decoloration, then thin starch-paste, and finally standard 
iodine solution till the blue color of iodide of starch is just visible. 

We cahailate now the c.c. of iodine solution which correspond to 
the sulpliurous acid emjiloyed, and deduct therefrom the c.c. of iodine 
added to destroy the excess of sul})liurous acid. The remainder gives 
the number of c.c. of iodine solution which contain a quantity of iodine 
e(|ual to that in the substance analysed. 

On account of the rapidity with wdiich solution of sulphurous acid 
changes, this method is somewhat inconvenient, and has given place to 
the following, which is now universally emjdoyed. It retains the basis 
of Bunsen’s method, but substitutes hyposulphite of soda for sul- 
]>hurous acid, employing the reaction of Schwarz’s method. With 
F MoHRf I give tliis “ combined method” the preference, because, 
fir-^t, we are not bound to a definite strength of the hyposulphite; 
>c( ondly, the solution of hyposulphite is far less afiected by the oxygen 

* Anieit. zu Maannanal. Nachtrage, 1858, 22. 
f Lehrb. d. cbem.-aualyt. Titrirmetbode, 3 Aufl. 256. 
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of the air than sulphurous acid ; and thirdly, it loses nothinp; by evapo- 
ration. Finkener* even says, that the use of hyposulphite makes 
the method more accurate, his experiments having* shown that in using* 
Bunsen’s method the results differ; if, on one occasion, we add the 
sulphurous acid to the iodine, and, on another, the iodine to the sul- 
phurous acid. 

a. Requisites for the Combined Method. 

a. Iodine solutwn of known strenffth. Dissolve 6*2 to 6*3 grm. iodine 
with the aid of about 9 grm. iodide of potassium (free from iodic acid) 
to about 1200 c.c. 

fi. Solution of hypomlpMte of soda. Dissolve 12*2 to 12*3 grm. of the 
pure and dry salt to about 1200 c.c. 

y. Solutwn of iodide of potassium. Dissolve 1 part of the salt (free 
from iodic acid) in about 10 parts of water. iRe solution must be 
colorless and must remain so immediately after the addition of dilute 
sulphuric or hydrochloric acid (either must be iron-free). 

b. Starch solution. Stir tbe ])urest starch powder gradually with 
about 100 jiarts cold water and heat to boiling with constant stirring. 
Allow to cool quietly, and pour off the fluid from any deposit. The 
solution should be almost clear and free from all lumps. The starch 
solution is best prepared fresh before each series of experiments. 

h. Preliminary Determinations. 

a, Diiiermi natwn of the rdation between the Iodine Solution and Hypo- 
sulphite Solution. 

Fill two burettes with the solutions. Run 20 c.c. of the hypo- 
sulphite into a beaker, add some water and 3 or 4 c.c. starch solution, 
then add the iodine till a blue coloration is just produced. 11' you 
have added a drop too much, run in one or two drops more of the 
hyposuljihite, and then more cautiously the iodine solution. After a 
few minutes read off the height of the fluid in both burettes. Suppose 
we had used 20 c.c. hyposulphite to 20*2 c.c. iodine. 

Exact Determination of the Iodine in the Sdution. 

This is done iinmediately before eacli series of analyse^ 
with the aid of an exactly weighed quantity of pure and 
dry iodine. Experience has convinced me that solution of 
iodine in iodide of potassium, even when kept cool and in 
the dark, is much more liable to change than is usually 
supposed.! 

The tubes, fig. 96, are heated and allowed to cool in tlie 
desiccator. Now transfer to the inner tube about *2 grm. 
pure resublimed iodinef (p. 104), lay the tube obliquel}" in 
a sand bath, heat till the iodine melts, then remove the 
tube and allow it to cool a little in a very oblique posi- 
tion so that you can hold it with your hand, place the 96 . 

♦ H. Rose, Handb. d. anal. Cheni. 6 Aufl. von Finkener, 2, 937. 

I filled geveral siimll well- top pered bott'es with some solution ot iodine in iodide 
of potassium, whose standard had lieen accurately determined, and placed them in a 
•ellar. Even in the course of a few weeks the standard bad sltei'e 1. 1 now never 

rely on the strength of a solution of iodine, unless I have determined it shortly before. 

X In respect of tbe preparation of absolutely pure iodine see Stas, Zeitschr. f. 
anal. Ohem. 6, 419. 

B B 2 
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largfer tube over it, allow to cool entirely in the desiccator, weigh and 
find in this manner the exact amount of iodine in the tube. Now place 
the inner tube in a stoppered bottle, containing 10 c.c. of solution of 
iodide of potassium. Of course, the outer tube must be put in the 
buttle too if any trace of iodine adheres to it. As soon as the iodine is 
all dissolved, add water and then hyposulphite from a burette till the 
color is gone ; now add 3 or 4 c.c. of starch-paste and iodine solution 
(«, o) from a second burette till a blue tinge just appears. Having 
read off both burettes, the following simple calculation will give you 
the iodine in the solution a, a : — 

Suppose we luid weighed off *150 grm. iodine, and used 29*5 c.c. 
h^^posiilphite and *3 c.c. iodine solution. 

From a, we know that 20 c.c. hyj>osulphite correspond to 20*2 c.c. 
iodine solution ; 29*5 c.c. therefore correspond to 29*8 c.c. 

Now 29*5 c.c. hyposulphite correspond to *150 grm. iodine + *3 c.c. 
iodine solution. 

But 29*5 c.c. h^^posuljdiite also correspond to 29*8 c.c. iodine 
solution. 

.*. *150 grm. iodine + *3 c.c. iodine solution 29*8 c.c. iodine solution. 

.*. *150 grm. iodine = 29*5 c.c. iodine solution. 

.*. *1 c.c. iodine solution - *0050847 grin, iodine. 

The experiment just described is rejieated and the mean of the two 
results taken, jirovided they exhibit sufficient uniformity. 

y. Dilntum of the standard fluids to a convement strenr/th. 

With the aid of the iodine solution the strength of which we now 
know exactly, and the solution of hyposulphite of soda which stands in 
a known relation to the same, wo might make any determinations of 
iodine. The calculation, although in principle extremely simple, is yet 
somewhat hampered by reason of the long decimal which exjiresses the 
quantity of iodine in 1 c.c. of the solution. It is therefore convenient 
to dilute the iodine solution so that 1 c.c. may exactly contain *0U5 grm. 
iodine. This is done by filling a litre flask therewith, and adding 
the necessarv quantity of water ; in our case 10*94 c.c., for 
5 : 5*0847 :: 1000 : 1010*94. If the litre flask will hold above the 
mark this 10*94 c.c., it is simply adiled, otherwise it is put into the 
dry bottle destined to receive the iodine solution, the iodine solution 
added, the whole shaken together, a portion of the fluid returned to the 
flask, shaken, poured hack into the bottle, and the whole shaken again. 

The solution of hyposulphite may now be diluted in a correspond- 
ing manner. In our case we should have had to add 27*11 c.c. water 
to lOOO c.c. of the solution, as will be seen from the following con- 
sideration : — 

20*2 c.c. of the original iodine solution correspond to 20 c.c. of 
the hyposulphite solution. 

.*. 1000 c.c. correspond to 990*1 c.c. 

Now these 1000 c.c. were made up to 1010*94 by addition of 
water; if therefore we make up 990*1 c.c. of the hyjiosulphite of soda 
to the same bulk by addition of water we shall have equivalent 
solutions. Hence, to 990*1 c.c. we must add 26*84 c.c. water, or 
to 1000 c.c. 27*11 water. 

In such cases of dilution, I always prefer to take exactly 1 litre instead 
of an uneven number of c.c., as in measuring the latter errors and 
inaccuracies may readily occur ; I have, therefore, above recommended 
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the preparation of 1200 c.c. of the fluids^ so that after their determi- 
nation 1000 c.c. may be sure to remain. 

e . The actual Analysis. 

Weig’h the iodine to be determined in the tubes fig*. 96, dissolve it 
in iodide of potassium solution as in add hyj)osulpliite solution from 
the burette till decoloration is just produced, then 3 or 4 c.c. starcli 
solution, then iodine solution from a second burette to incipient blueness. 
The substance contains the same amount of iodine as the c.c. of iodine 
solution corresponding to the hyposulphite used mimis the c.c. of the 
former used to destroy tlie excess of trie latter. Where the solutions 
are of equal value and 1 c.c. corresponds to '005 grm. iodine, the 
calculation is in the highest degree simple; for suppose we had 
used 21 c.c. NaOjSjjOjj and 1 c.c. iodine, the quantity of iodine 
present is *100 grm. 

21 - 1 = 20, and 20 x *005 = *100 

Where you are analysing chromic acid or peroxide of manganese 
by boiling with hydrochloric acid, and passing the chlorine evolved 
into iodide of potassium, you must allow the solution to cool before 
titrating with hyposulphite; for at a high temperature a portion of 
tJie tetrathionate of soda produced is converted into sulphate of soda 
by the iodine (Wright*). 

Free acid in the iodine solution to be estimated is not injurious ; 
when such is present, however, the excess of the hyposuljdiite must be 
titrated without delay, or the free hy})osulj>hurous may be decomposed 
before the iodine is added. 

Keeping op the Solutions. 

The iodine solution and the hyposulphite solution are kept in glass- 
stoppered bottles in a cool, dark place. But the relation between the 
two solutions must be tested before each new series of experiments, 
and the iodine in the iodine solution must be redetermined. 

If a fluid contains free iodine in presence of iodine in combination, 
determine the former in one portion by the combined method, and the 
total quantity in another portion. For this purj)ose you may either 
(1) add sulphurous acid to decoloration, precipitate with nitrate of silver 
(§ 145, I, fl, a), digest the precipitate wuth nitric acid to remove any 
sulphite of silver which it may contain, filter, &c, ; or (2) distil with 
sesquichloride of iron as directed, § 145, I. c. 

§ 147. 

4. Hydrocyanic AciD.f 
I. Determination. 

a . Gravimetric Estimation , — If you have free hydrocyanic acid in 
solution run it into an excess of solution of nitrate of silver, add a little 
nitric acid, allow to settle without warming, and determine the preci- 
pitated cyanide of silver either by collecting on a weighed filter, drying 
at 100° and weighing (§115, 3), or by collecting on an un weighed 

* Zeitschr. f. anal. Chem. 9, 482. 

t With regard to Herapath’s oolorimetric method, which is founded on the in- 
tensity of the color of a solution of persulphocyanide of iron, compare Chera. Gaz. 
Aug. 1853, 294. 
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filter and converting into metallic silver. The latter operation is per- 
formed by igniting the precipitate in a porcelain crucible for ^ hour, or 
till it ceases to lose weight (H. Rose). If you wish to determine in 
this way tlie hydrocyanic acid in bitter almond water or cherry laurel 
water, add ammonia after the addition of the solution of nitrate of 
silver till the fluid is strongly alkaline (it is not necessary to dissolve all 
the cyanide of silver) and at once acidify with nitric acid. When the 
precipitate has settled, filter. The whole of the cyanogen in the fluid 
will have been now converted into cyanide of silver. (The cyanogen 
was originally present partly as hydrocyanic acid, partly as cya- 
nide of ammonium, but principally as hydrocyanate of benzaldehyd 
— S. Feldhaus*). 

Feld HA us recommends the following proportions : 100 grm. bitter 
almond water, about 1*2 grm. nitrate ot silver dissolved in water and 
2 to 3 c.c. ammonia sp. gr. *90. A portion of the filtrate should be 
tested to make sure that it contains silver salt in excess, another 
portion should l>e tested by making it strongly alkaline with ammonia, 
and then acid again with nitric acid. If a precipitate is formed in the 
latter case it shows that the whole of the hydrocyanate of benzaldehyd 
was not decomposed, and the precipitation must be rerieated. If you 
want to measure off a fluid containing hydrocyanic acid with a pijiette, 
insert a little tube with soda-lime between the pipette and the flexible 
tube which you put into your mouth. 

b, Liebig’s Volumetric Method f — If hydrocyanic acid is mixed with 
potassa to strong alkaline reaction, and a dilute solution of nitrate of 
silver is then added, a permanent turbidity of cyanide of silver — or, if 
a few drops of solution of chloride of sodium have been added, of 
chloride of silver— forms only after the whole of the cyanogen is con- 
verted into double cyanide of silver and potassium. The first drop of 
solution of nitrate of silver added in excess produces the permanent 
precipitate. 1 eq. silver consumed in the process corresponds, therefore, 
exactly to 2 eq. hydrocyanic acid (2KCy 4 AgO,NO^ = AgCy,KCy + 
KO,NO ). A decinormal solution of nitrate of silver, containing con- 
sequently 10*793 grin, silver in the litre, should be used; 1 c.c. of this 
solution corresponds to OOoTUe of hydrocyanic acid. In examining 
medicinal hydrocyanic acid, 5 to 10 gnu. ought to be used, but of 
bitter almond water about 50 grm. ; if exactly 5*408 or 54*08 
grm. are used, the number of c.c. of the silver solution, divided by 10, 
or by 100, expresses exactly the percentage of hydrocyanic acid. 
Medicinal hydrocyanic acid is suitaoly diluted first by adding from 
5 to 8 volumes of water; bitter almond water also is slightly diluted ; 
if the latter is turbid the end-reaction will not be sufficiently distinct, 
and the gravimetric method is to be preferred. 

Liebig has examined hydrocyanic acid of various degrees of dilution, 
and has obtained results by this method corresponding exactly with 
those obtained by a. Sough ay, I too, obtained results almost identical ; 
with pure dilute hydrocyanic acid, the gravimetric results were to the 
volumetric as 100 to 100*5 — 101 ; with clear or nearly clear bitter 
almond water as 100 to 102. Feldhaus {fm, cit,) obtained very nearly 
similar results. The slightly higher results of the volumetric process 

* Zttttechr. f. Aoal. Chem. 3, 34 f Aonal. d. Cbem. u Pharm. 77, 102. 

X Zeitachr. f. anaL Chem. 2, 180. 
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are to be explained from the fact that a small excess of silver solution 
is necessary to produce the final reaction. The less the amount of the 
substance taken the greater importance does this error assume. We 
should also notice that in the bitter almond water, which contains 
cyanide of ammonium, some ammonia is set free which has a solvent 
action on the cyanide of silver. In this method it does not matter 
whether the hydrocyanic acid contains an admixture of hydrochloric 
acid or formic acid. A considerable excess of potassa must be avoided. 

If it is intended to determine cyanide of potassium by this method, a 
solution of that salt must be prepared of known strength, and a measure<l 
quantity used containing about *1 grm. of the salt. Should it contain 
sulphide of potassium, a small quantity of freshly precipitated carbonate 
of lead must be first added, and the solution filtered before proceeding 
to the determination. 

c. Fordos Gelts’s Volu7netnc Method.^ Tliis method is founded 
iij)on the reaction of iodine upon cyanide of potassium :f KCy -I- 21 = 
Kl + ICy. 2 eq. iodine = 258*7 correspond accordingly to 1 eij. 
cyanogen = 2(1*04, or to 1 eq. hydrocyanic acid = 27 04, or to 1 e(j. 
cyanide of potassium = 65*17. The iodine solution is prepared accord- 
ing to the directions of § 146. If you have to examine free hydrocyanic 
acid, mix the fluid cautiously with solution of st>da t-o alkaline reaction, 
add water containing carbonic acid (Seltzer or soda uater), to convert 
a possible excess of alkali into bicarbonate (the fluid must not turn 
turmeric jiaper brown), and then iodine solution, until the fluid which 
was previously colorless becomes {lerinanently yellowish. For the 
analysis of cyanide of jiotassiurn, jirepare a fluid of known strength, 
and use a volume containing about '05 of the salt ; addition of carbonic 
acid water is necessary in the process. The cyanide must contain no 
sulphide of ])otassium. The method gives satisfactory results, see 
SoiTCHAY (Ifjc. eit.). It is not apjdicable to bitter almond water. 

II. Separation of Cyanogen from tJie Metals, 
a. In Cyanides of the Alkali Metah. 

Mix the substance (if solid, without previous solution in water) with 
excess of nitrate of silver solution, then add water, finally nitric acid 
in slight excess, allow to settle without warming, and determine the 
cyanide of silver as in I., a. The bases are determined in the filtrate 
after separating the excess of silver. 

h. In Cyanides and double Cyanides j which are completely decomposed hy 
Nitrate of Silver and Nitric Acid or Nitrate of Silver and Ammonia, 

Digest for some time with a dilute solution of nitrate of silver, 
stirring frequently,! then add nitric acid in moderate excess, and digest 
at a gentle heat, till the foreign cyanide is fully dissolved and tlie 
cyanide of silver has become pure and quite white. Then add water 
and filter. As a precautionary measure it is well to test the metal 
obtained by long ignition of the cyanide of silver, whether it is free 
from those metals which were combined with the cyanogen. The 
filtrate is used for estimating the bases, the silver being first precipitated 

* Journ. de Chim. et de Pharm. 2fJ, 48. 

4 Mentioned firut bv Serullas and 'W6uler. 

X Double cyanide of nickel and potaseiuin yields by tiiis process a mixture of 
cyanide of silver with cyanide of nickel. Like double cyanides are similarly decom- 
posed. 
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with hydrochloric acid. This method affords us an exact analysis of 
the double cyanides of potassium with nickel, copper and zinc (H. Rose). 

W. Weith* recommends a solution of nitrate of silver in ammonia 
for the decomposition of many cyanogen compounds, such as ferrocyanide 
of potassium, Prussian blue, and even cobalticyanide of potassium. He 
digests them in sealed tubes at 100° (in the case of cooalticyanide of 
IK)tassium, 150°) for 4 or 6 hours. Warm the contents of the tube 
gently in a dish, until the crystals of ammonio-cyanide of silver are 
dissolved, filter off the separated metallic oxide, wash it with ammonia, 
dilute, and i)recinitate the cyanide of silver by acidifying with nitric 
acid. In tne filtrate sejiarate the silver from the alkalies, iicc. In 
respect to the undissolved oxides it should be noted that metallic silver 
is always mixed with the oxide of iron. 

c. In Ci/anid€ of Mercury, 

Precipitate the aqueous solution with sulphuretted hydrogen ; the 
sulnhide of mercury may^ be filtered without didiculty if a little ammonia 
or hydrochloric acid be added ; it is determined according to § 118, 8. 
If the compound is in the solid condition, the cyanogen may be de- 
termined in another portion by ignition with oxide of co])per, the 
nitrogen and carbonic acid being collected and separated (comp. Organic 
Analysis). 

H. Rose and FiNKENERf have, after much trouble, succeeded in 
finding out a method for determining cyanogen with precision also in 
solutions of cyanide of mercury^ Mix the solution of the cyanide of 
mercury with nitrate of zinc dissolved in ammonia. To 1 part of 
mercury^-salt y’ou may add about 2 parts of the zinc-salt. Add to the 
clear solution suljdiuretted hydrogen water gradually till it produces a 
perfectly white jirecipitate of suljdiide of zinc. The precijatate, which 
is a mixture of the sulphides of mercury' and zinc, settles well. After 
a quarter of an hour filter it off* and wash with very dilute ammonia. 
The filtrate contains cyanide of zinc dissolved in ammonia, together 
with nitrate of ammonia. It does not smell of hy'drocyanic acid, and 
consequently' no escape of tlie latter takes jilace. Mix it with nitrate 
of silver and then add dilute suljdiunc acid in excess. The cyanide of 
silver is next washed a little by' decantation, then — to free it from any 
cy'anide of zmc simultaneously ])recijntated — heated with a solution of 
nitrate of silver, finally filtered off*, washed, and determined after I., a, 
TJie precipitated sulphides may be dissolved in aqua regia, and tlie 
mercury precipitated as subchloride according to § 118, 2. The test- 
analyses communicated by Rose yielded excellent results. 

d. In compounds decomposable by Oxide of Mercury in the Wet Way. 

Many simple cyanides, and also double cyanides — both of the 

character of the double cyanide of nickel and potassium, and of tlie 
ferro- or ferricyanides (not, liowever, cobalticyanides) — may, as is well 
known, be completely decomposed by boiling with excess of oxide of 
mercury and water, all cyanogen being obtained as cyanide of mercury, 
and the metals passing into oxides. 

H. Rose {loc. cit.) has shown that Prussian blue, ferro- and ferri- 
cyanide of potassium, more particularly, may be readily analysed in 
this manner. 


* Zditschr. f. anal Chem. 9, 379. 


t Ih, 1, 288. 
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Boil a few minutes with water and exeess of oxide of mercury till 
complete decomi)osition is effected, add — in order to render the sesqui- 
oxide of iron and oxide of mercury removable by the filter — nitric acid 
in small portions, till the alkaline reaction has nearly disappeared, 
filter, wash with hot water, dry the precipitate, ig^nite — very f^fradually 
raising* the heat — under a hood (with a ^ood draught), and weig-h the 
sesquioxide of iron remaining*. In the filtrate the cyanog*en is de- 
termined according* to c, and any potassa that may be present is 
estimated in the filtrate from the cyanide of silver. 

e. Determination of Metals contained in Cyanides with decomposition and 
volatilization of the Cyanogen, 

Of the various means for completely decomposing compounds of 
cyanog*en, especially also the double cyanides, according* to H. Rose 
(loc. cit.) three particularly are worthy of recommendation — viz., con- 
centrated sulphuric acid, sulphate of mercury, and chloride of ammo- 
nium. The nitrates seemed decidedly less suitable on account of their 
too violent action. 

a. Decomposition by Sulphuric Acid. All cyanogen com- 
pounds, simple or double, are completely decom})osed and converted 
into sulphates or oxides, as the case may be, if treated in a powdered 
condition in a platinum d:sh or a capacious jdatinum crucible with a 
mixture of about 3 parts concentrated sulphuric acid and 1 part water, 
and heated till almost all the sulphuric acid has been expelled. The 
residual mass is then free from cyanogen. It is dissolved in water, if 
necessary with addition of hydrochloric acid, and the oxides determined 
by the usual methods. This way is not adapted for cyanide of mercury, 
as a little of the metal would escape with the fumes of the sulphuric 
acid. 

I 3 , Decomposition by Sulphate of Mercury. Of the com- 
binations of oxide of mercury with sulphuric acid, those suitable to our 
present purjiose are the neutral and the basic (Turj)eth mineral). The 
substance is mixed with 0 })arts of the latter, heated in a platinum 
crucible gradually, and finally maintained for a long time at a red-heat, 
till all the mercury has volatilized, and the weight of the crucible re- 
mains constant. If alkalies are present, a little carbonate of ammonia 
is added during the final ignition, from time to time, in order to convert 
the bisulphates into neutral salts. The residue may usually be analysed 
by simple treatment with water ; in the case of ferrocyanide of potas- 
sium, for instance, the sulphate of potassa dissolves and pure (alkali- 
free) sesquioxide of iron remains behind. The test-analyses that have 
been communicated yielded excellent results. 

y. Decomposition by Chloride of Ammonium. Mix the sub- 
stance with twice or thrice the amount of this salt and ignite the 
mixture moderately in a stream of hydrogen (apparatus, p. Ii200, fig. 79). 
From the cooled mass water extracts alkaline chloride, while the redu- 
cible metals remain in the metallic state. The method is peculiarly 
adapted for the analysis of double cyanide of nickel and potassium and 
cobalti- cyanide of potassium, not so for iron compounds, since the iron 
obtained is not pure, but contains carbon. 

If one of the methods described in e is employed, the nitrogen and 
carbon (the cyanogen) must be determined by a combustion, if an esti- 
mation by the loss is not sufficient. 



878 DETERMINATION. [§ 147. 

f. Dt4ernUnatim of the AUtalm, espeeiaUy of Ammmva in Soluble Ferro~ 
cyanides. 

Mix the boilinff solution with a solution of chloride of copper, in 
moderate excess, filter off the precipitated ferrocyanide of cojiper, free 
the filtrate from copper by means of sulphuretted hydrogen, and then 
determine the alkalies (Reindel* * * § ). For fixed alkalies, you may also 
ignite with hyposulphite of bary^ta (FROHDEf). 

g. Volumetric Determination of Ferro- and. Firricyanogen, 

a . After E. de Haen. This method devised in my laboratory, is 
founded upon the simple fact that a solution of ferrocyanide of potas- 
sium acidified with sulphuric acid (and which may accordingly be 
assumed to contain free hydroferrocyanic acid), is by addition of per- 
manganate of potassa converted into the corresponding ferricyanide. If 
this conversion is effected in a very dilute fluid, containing about *2 grrii. 
ferrocyanide of potassium in from 100 to 200 c.c., the termination of 
the reaction is clearly and unmistakably indicated by the change of the 
originally pure yellow color of the fluid to reddish-yellow 4 

The process requires two test fluids of known strength, viz. — 

1. A solution of pure ferrocyanide of potassium. 

2. A solution of permanganate of potassa. 

The former is prepared by dissolving 20 grm. perfectly pure and dry 
crystallized ferrocyanide of potassium in water to 1 litre ; each c.c. 
therefore contains 20 mgrm. The latter is diluted so that somewhat 
less than a burettefiil is required for 10 c.c. of the solution of ferro- 
cy^anide of potassium. 

To determine the strength of the permanganate of potassa solution 
in its action upon the ferrocyanide of j)otassium, measure off', by means 
of a pipette, 10 c.c. of the solution of ferrocyanide of potassium (contain- 
ing '2 grm.), dilute with 100 to 200 c.c. water, acidify with sulphuric 
acid, place the glass on a sheet of white paper, and allow tlie })erman- 
ganate to drop into the fluid, stirring it at the same time, until the 
change from yellow to reddish indicates that the conversion is 
complete.§ Repetitions of the experiment always give very accurately 
corresponding results. If at any time you have reason to suspect that 
the permanganate has suffered alteration, recourse must be had again 
t<j this experiment. If after acidifying the ferrocyanide of potassium with 
sulphuric acid you add a trace of sesquichloride of iron to produce a 
bluish-green color, the latter will disapjiear at the end of the reaction, 
which is thus rendered very distinct, (Gintl|| ) 

To determine the amount of real ferrocyanide of potassium 
contained in any given sample of the commercial article, dissolve o 
grm. to 250 c.c. ; take 10 c.c. of this solution, and examine as just 
directed. Suppose, in determining the strength of the permanganate, 

* Jouro. f. prakt. Chern. 65, 452. 

i* Zeitschr. f. anal. Chem. 3, ISI. 

X Instead of the permanganaie yuu may use chromate of potash. The solution is 
add^ till spots of sesquichloride of iron on a plate are no longer colored blue or 
greeo, but brownish. £. Mkyer, Zeitbchr. f. anal. Chem. 8, 508. 

§ If you uish at first for some additional evidence besides thf^ change of color, add 
to a drop of the mixture on a plate, a drop of so.ution of sesquichloiide of iron : if this 
fails to produce a blue tint, the conversion is accomplished. 

11 Zeitsebr. f. anaL Cbein. 6, 446. 
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you have used 20 c.c., and you find now that 19 e.c. is sufficient, the 
simple rule of three sum, 

20:2::l9:x 

will inform you how much pure ferrocyanide of potassium -2 grra. of 
the analysed salt contains. And even this small calculation may be 
dispensed with, by diluting the permanganate so that exactly 50 c.c. 
correspond to *2 of ferrocyanide of potassium, as, in that case, tlie 
number of half-c.c. consumed expresses directly the percentage of pure 
ferrocyanide. 

Instead of determining the strength of the permanganate by means 
of pure ferrocyanide of potassium, which is unquestionably the best way, 
one of the methods given in § 112, 2, may also be employed; bearing 
in mind, in that case, that 2 eq. ferrocyanide of potassium = 442*76, 
2 eq. iron dissolved to protoxide = 56, and 1 eq. oxalic acid = 6^3 are 
equivalent in their action upon solution of permanganate of potassa. 

The analysis of soluble ferricyanides by this method is etfected by 
reducing them to ferrocyanides, acidifying, and then proceeding in the 
way described. The reduction is efiected as follows : — Mix the weigln^d 
ferricyanide with a solution of soda or potassa in excess, boil, and add 
concentrated solution of suljihate of protoxide of iron gradually, and in 
small portions, until the color of the precipitate a})pears black, which is 
a sign that protosesquioxide of iron has precipitated. Dilute now to 
(iOO C.C., mix, filter, and jiroceed to determine the ferrocyanide in por- 
tions of 50 or 100 c.c. of the fluid. As the sjiace occupied by the pre- 
cipitate is not taken into account in this jirocess, the results are not 
absolutely accurate ; the difference is so very trifling, however, that it 
may safely be disregarded. Gintl (loc, ctt.) suggeststo jmt the neutral 
or alkaline fluid in a tall vessel and add a few lumps of sodium amalgam 
as big as peas : in ten minutes the reduction will be effected and with- 
out tiie aid of heat. 

Insoluble ferro- or ferricyanides, decomposable by boiling solution 
of potassa (as are most of these comjiounds), are analysed by boiling a 
weighed samjde sufficiently long with an excess of solution of potassa 
(adding, in the case of ferricyanides, sulphate of protoxide of iron), and 
then proceeding as directed above. 

/3. After E. Lenssen. 

Ferricyanides may be analysed also by another method, also devised 
in my laboratory. It is founded on the fact that, when ferricyanide of 
potassium, solution of iodide of potassium, and concentrated hydro- 
chloric acid are mixed together, 1 eq. iodine (126-85) separates for every 
eq. ferricyanide of potassium (829*66): ll^Cfdy + HI =2HjjCfy + 1. 
By determining the liberated iodine according to § 146, we learn the 
quantity of the ferricyanide of potassium. Lenssen obtained in 4 ex- 
periments respectively, 99*22, — 101*7, — 102*1, — 100*5, instead of 100. 
The fluid should not be diluted till after the addition of hydrochloric 
acid. C. Mohr* obtained still more accurate results, as he avoided 
the formation of hydroferrocyanic acid by adding solution of sulphate 
of zinc, thus obtaining, instead of the former, ferrocyanide of zinc, 
which is not in the least decomposed by iodine. He directs to mix the 
dilute solution of the ferricyanide of potassium with iodide of potassium 

* Annal. d. Chem. u. Fharm. 105, 62. 
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and hydrochloric acid in excess, add an excess of iron -free sulphate of 
zinc solution, neutralize the free acid with bicarbonate of soda added in 
slipfht excess, and determine the separated iodine according* * * § to § J 46. 

y. To the estimation of ferrocyanogen in dyers’ baths, which con- 
tain oxidizable organic matter, H. Rheineck* applies the fact tliat 
when solution of sesquioxide of iron is gradually added to ferrocyanide 
of potassium, no matter whether a mineral acid is present or not, at 
first a clear blue fluid is produced, which becomes afterwards turbid, 
and when all the ferrocyanogen is exactly thrown down a flocculent 
precipitate of Prussian blue appears suspended in a clear colorless fluid. 
A certain measure of the bath is taken, and the same measure of a 
standard solution of ferrocyanide of potassium ; to these are added a 
solution of sesquichloride of iron from a burette till the flocculent pre- 
cipitate separates. The calculation is sufficiently obvious. 
d. After E. Bohliq.I 

In the case of a fluid containing ferrocyanide of potassium, and also 
sulphocyanide (for instance, the red liquor of the ])russiate works), the 
method given in a cannot be emphn^ed, as the hydrosuljdioc^^anic acid 
also reduces permanganic acid. The following method — de})ending on 
the precipitation of the ferrocyanogen with solution of sulphate of copper 
— may then be used ; it is accurate enough for technical purposes. 
Dissolve 10 grm. pure sulphate of copper to 1 litre, also 4 grm. pure 
drv ferrocyanide of potassium to 1 litre. Add to 50 c.c. of the latter 
solution (which contain *2 grm. ferrocyanide of jxitassium) copper solu- 
tion from a burette to complete precipitation of the ferrocyanogen. In 
order to hit this jioint exactly, from time to time dip a strip of filter- 
paper into the brownish-red fluid which will imbibe the clear filtrate, 
leaving the precipitate of ferrocyanide of copper behind. At first the 
moist strips of paper, when touched with ses(|uichloride of irrin, become 
dark blue, the reaction gradually gets weaker and weaker, and finally 
vanishes altogether. We now know the value of the cojiper solution 
with reference to its action on ferrocyanide of potassium, and can, 
therefore, by its means test solutions containing unknown amounts of 
ferrocyanogen. If alkaline sulphides are present, they are first removed 
by boiling with carbonate of lead. After filtering off the sulphide of 
lead, acidify with dilute sulphuric acid, and then proceed. 

§ 148. 

5. Hydrosulphuric Acid. 

I. Determination. 

To determine suljihuretted hydrogen in a mixture of gases con- 
fined over mercurv+ it may be absorbed by a ball made of 2 parts 
precipitated phosphate of lead and 3 parts plaster of Paris. The mix- 
ture is made into a paste with water, and pressed into a bullet mould 
in which the platinum wire is inserted. The mould should previously 
be oiled. The balls are dried at 100°, saturated with concentrated 
phosphoric acid, and are then ready for use (Ludwio§). 

* Cbem. Centralbl. 1871, 778 t Polytecbn. Notizblatt, 16, 81. 

X When ibis gas remainB long in contact with mercury, sulphide of mercury is 

liable to be form^. 

§ Annal. d. Chem. u. Fharm. 162, 66, 
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To determine sulphuretted hydrogen dissolved in water the following 
methods are in use : — 

a. The method of determining sulphuretted hydrogen volumetrically 
by solution of iodine, was employed first by Dupasquier ; it is very 
convenient and accurate. That chemist used alcoholic solution of 
iodine. But as the action of the iodine upon the alcohol alters the 
composition of this solution somewhat rapidly, it is better to use a 
solution of iodine in iodide of potassium. The decomposition is as 
follows : — 

HS+I=HI+S 

1 eq. I = 126-85 corresponds, therefore, to 1 eq. HS = 17. However, 
this exact decom{)osition can be relied upon with certainty only if the 
amount of sulphuretted hydrogen in the fluid does not exceed *04 
j)er cent. (Bunsen). Fluids containing a larger proportion of sul- 
}>huretted hydrogen must therefore first be diluted to the required 
degree with boiled water cooled out of the contact of air. 

The iodine solution of § 140 may be used for the estimation of larger 
quantities of sulphuretted hydrogen ; for weak solutions, e.p.^ sul- 
}>luiretted mineral water, it is advisable to dilute the iodine solution 
5 times, so that 1 c.c may contain -001 grm. iodine. 

^J'he process is conducted as follows : — 

Measure or weigh a certain quantity of the sulphuretted water, 
dilute, if required, in the manner directed, add some thin starch-paste, 
and then solution of iodine, with constant shaking or stirring, until the 
jiermanent blue color begins to appear. The result of this experiment 
indicates ajiproxirnately, but not with positive accuracy, the relation 
between the examined water and the iodine solution. Suppose you 
hnve consumed, to 220 c.c. of the sulphuretted water, 12 c.c. of a 
solution of iodine containing *000018 grin, iodine in the c.c.* Introduce 
now into a flask nearly the quantity of iodine solution reipiired, add the 
sulphuretted water in quantity either already determined, or to be 
detiTinined, by weight or measure;! then to the colorless fluid add thin 
starcb-j>aste, and after this iodine solution until the blue color just 
begins to show. By this course of proceeding, you avoid the loss of 
sulphuretted hydrogen which would otherwise be caused bv evaporation 
and oxidation. In my analysis of the Weilliach water, 256 c.c. of the 
water reipiired, in my second experiment, 10*26 c.c. of iodine solution, 
which, calculated to the quantity of sulpliuretted water used in the first 
experiment, viz., 220 c.c., makes 16*9 c.c., or T9 c.c. more. But even 
now the experiment cannot yet be considered quite conclusive, when 
made with a solution of iodine so dilute ; it being still necessary to 
ascertain how much iodine solution is reipiired to impart the same blue^ 
tint to the same quantity of ordinary water mixed with starch-paste, of 
the same temperature,! and as nearly as possible in the same condition§ 
as the analysed sulphuretted watc*r, and to deduct this from tlie quantity 
of iodine solution used in the second experiment. Thus in the case 
mentioned, I had to deduct *5 c.c. from the 16-26 c.c. used. If the 

* The numberg here stated are those which I obtained in the analysis of the 
Weilbach water. 

t Compare Experiment, No. 82. J Aiinal. d. Chem. u. Pharm. 10.., 18o. 

§ In this connexion I wouH recommend, m cases where the sulphuretted water 
contains bicarbonate of 8o<ia, to add to the «>rdinary water an equal quantity of this 
salt, as its presence has a slight influence on the appearance of the final reaction. 
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instructions here given are strictly followed, this method gives very 
accurate results (see Expt. No. 82). 

h. Fr. Mohr’s method, slight!}^ modified. 

Mix the sulphuretted fluid with a slight excess of solution of arsenite 
of soda of known strength (determined W means of iodine solution, see 
§ 127, 5, a), and add hydrochloric acid to distinct acid reaction. Dilute 
to 300 C.C., pass through a dry filter, test a sample of the filtrate with 
sulphurettea hydrogen, to make quite sure that it still contains arsenious 
acid, and then determine in 100 c c., after addition of powdered bicar- 
bonate of soda, the remainder of the arsenious acid left in it. Deduct 
the quantity of iodine solution consumed in the last part of the jirocess, 
multiplied by 3 (as only 100 of the 300 c.c. have been operated upon), 
from that which corresponds to the entire quantity of arsenious acid 
used in the process : the remainder expresses the quantity of iodine 
solution corresponding to the sulphuretted hydrogen present. In 
making the calculation, bear in mind that 2 eq. iodine here correspond 
To 3 eq. HS, since 1 eq. AsO, decomposes, on the one hand, 3HS, 
producing AsS., and 3 HO, and requires, on the other hand, 2 eq. iodine 
for its conversion into arsenic acid. 

Very dilute solutions of sulphuretted hydrogen cannot be analysed 
by this method, as the sulydiide of arsenic separating from them takes 
a long time to deiiosit, and a minute portion of it invariably remains 
in solution.* 

c. Mix the sulphuretted fluid with an excess of solution of arsenite 
of soda, add hydrochloric acid, allow to deposit, and determine the 
sulphide of arsenic as directed § 127, 4. If the quantity of sulphu- 
retted hydrogen present is moderately large, the results are accurate 
(compare Expt. No. 82) ; but in the case of very dilute solutions, the 
results are too low, as a little tersulphide of arsenic remains in solution. 
Hence, in my analysis of the Weilhach water, this method gave only 
*006621 and •000r)b4 per 1000, whilst water taken from the well at the 
same time, and titrated with iodine, gave *007025. Instead of arsenious 
acid, solution of acetate of copyicr and acetic acid or solution of silver 
may be employed as yirecipitant, and the sulydiur determined in the 
sulphide of coyiyier as sulyihate ol baryta (see II.), or in the sulphide of 
silver as metallic silver. The results obtained with acetate of coyiyier 
are also too low, in the case of very dilute fluids. As regards yire- 
ciyiitation by silver solution, T cannot yet syieak from acttal experience. 
LvTEf recommends solution of chloride of silver in hyyiosulydiite of 
soda, mixed with a few droyis of ammonia, as the most suitable for the 
purpose. In analysing a water containing sulydiate of iron, LyteJ 
threw down the sulyihuretted hydrogen with freshly yirecipitated sulphate 
of lead, filtered off, washed, extracted the sulydiate of lead with hot 
solution of acetate of ammonia, converted the residual sulydiide into 
sulphate, and weiyihed the latter. 

For the analysis of mineral waters, the method a will always 
answer best, unless presence of hyposulphites should impair its 
accuracy. 

d. If the sulphuretted hydrogen is evolved in the gaseous state, and 


• A iolation containinnf in the litre *003 HS did not give with a sMution of arae- 
■inna acid in bj«lrocbloric acid, a precipitate admitting of filtration till after a lapse 
•f twelve hciura. 

T Comp. rend. 43, 765. X Zeitachr. f. anaL Cbem. 5, 441. 
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larj^e quantities are to be determined, the best way is to conduct it first 
through several bulbed U-tubes (fig. 95, p. 861), containing an alkaline 
solution of arsenite of soda, then through a tube connected with the 
exit of the last U-tube, which contains pieces of glass moistened with 
solution of soda ; to mix the fluids afterwards, and proceed as in h or c. 
If, on the other hand, we have to determine small quantities of sulphu- 
retted hydrogen contained in a large amount of air, &c., it is well to 
pass the gaseous mixture in sejiarate small bubbles through a very 
dilute solution of iodine in iodide of potassium, of known volume and 
strength, which is contained in a long glass tube fixed in an inclined 
position and protected against sunlight. The free iodine remaining is 
finally estimated by means of a solution of hyposulphite of soda (§ 146) ; 
the difference gives us the quantity of iodine whicn has been converted 
by sulphuretted hydrogen into hydriodic acid, and consequently corre- 
sponds to the amount of the suljdiuretted hydrogen present. The 
volume of the gaseous mixture may be known by measuring the water 
which has eseajied from the aspirator used. The arrangement of the 
al>sorption tube is tlie same as is figured in connexion with the Deter- 
mination of Carbonic Acid in the Air. The thin glass tube conducting 
the gas into the absorption tube, however, must not be provided with 
an iridia-ruliber elongation. 

From my own experiments* it appears that sulphuretted hydrogen 
whether in small or large (juantities mav be also estimated by the in- 
crease in weight of absorption tubes. We have only to take care that 
the mixture of gases is first thorou« 4 hly dried by pu.ssing over chloride 
of calcium. To take up the suljdiuretted hydrogen we use U-tubes, five- 
sixths filled witli sul])hate of copjier on pumice, one-sixth at the exit 
containing chlornh' of calcium. To pre])are the pumice with sulphate 
of copper, proceed as follows. Treat 60 grm. pumice in lunqis the siz(‘ 
of [>eas in a small ]K)rcelain dish with a hot concentrated solution of 80 
or 85 grm. sulphate of copjier, ilry the whole with constant stirring, place 
the dish in an air or oil bath of the tenqierature of IbO"* to 1G0“, and 
allow to remain therein four hours. A tube containinjr 14 grm. of this 
prepared pumice will absorb about *2 grm. sulphuretted hydrogen. It 
is well always to employ two such tube.s. If tlie prepared pumice is 
dried at a lower temperature it takes up much less of the gas, if 
dried at a higher temperature the gas is decomposed and sulphurous 
acid is formed. Tiiis method is more completely given under the 
Analysis of Black Ash. 

Finally, small (piantities of suljdiuret.ted hydrogen mixed with other 
gases may he estimated by passing through bromine water and convert- 
ing into sulphuric acid (compare II., A. 2). 

11. Separation and Detcrmmation of Sulphur in Sulphides. 

A. Methods based on the Convehsion of the 
Sulphur into Sulphuric Acid. 

I. Methods in the Dry Way. 

a. Oxidation hy Alliuline Nitrates (applicable to all compounds of 
sulphur). If the sul{)hides do not lose any sulphur on heating, mix the 
pulverized and weighed substance with 6 parts of anhydrous carbonate 

* Zeitscbr. f. aoal. Cheoi. 10, 75. 
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of soda and 4 of nitrate of potassa, with the aid of a rounded glass rod, 
wipe the particles of the mixture which adhere to the rod carelully off 
ag;ainst some carbonate of soda, and add this to the mixture. Heat in 
a platinum or porcelain crucible (which, however, is somewhat affected 
by the process), at a gradually increased temperature to fusion ;* keep 
the mass in that state for some time, then allow it to cool, heat 
the residue with water, filter the fluid, boil the residue with a solution 
of pure carbonate of soda, filter, wash, remove all nitric acid from the 
filtrate by repeated evaporation with pure hydrochloric acid, and de- 
termine the sulphuric acid as directed in § 132. The metal, metallic 
oxide, or carbonate, which remains undissolved, is determined, ac- 
cording to circumstances, either by direct weighing or in some 
other suitable way. In the presence of lead, before filtering, pass 
carbonic acid through the solution of the fused mass, to precipitate 
the small quantity of that metal which has passed into the alkaline 
solution. 

Should the sul{)hides, on the contrary, lose sulphur on heating, the 
finely powdered compound is mixed with 4 ])arts carbonate of soda, 
8 parts nitre, and 24 parts pure and perfectly dry chloride of sodium, 
and the process otherw'ise conducted as already given. 

h. Oxid/ition by Chhrate of Potassa, The oxidation of sulphides by a 
mixture of chlorate of potassa and carbonate of soda has been repeatedly 
recommended. There is this advantage in connexion with it, viz., that 
the sulphuric acid in the fiised mass may be more readily converted 
into pure sulphate of baryta than when nitrates are })resent ; on the 
other hand, — at least with the projiortions usually recommended : 1 part 
sulphide, 3 parts chlorate of potassa, and 3 jiarts carbonate of soda 
(or 4 parts mixed carbonates) — the process is attended with the incon- 
venience that many sulpliides, c.//., fahlerz and suljihide of antimony, 
occasion very violent explosions.! Also, with many sulphides, iron 
and copper pyrites, the decomposition is not com]»lete (Fr. Mohr). In 
these two respects tlierefore we must be cautious in the use of this 
method. H. Rose recommends 0 or 8 parts carbonate of soda and 1 
part chlorate of potash for 1 jiart of suli'stance. 

c. Oxidatumbj/ Odor me (dts vaiter Bkrzelits and H, Rose, espe- 
cially suitable for sulphosalts of complicated composition). 

The following apparatus, or one of similar construction, is used ; 
corks should be used, not india-rubber stoppers, and wherever there is 
an india-rubber connexion, the glass tubes should be close to each 
other. 

A is the evolution flask, J B contains concentrated sulphuric acid, C 
chloride of calcium. D contains the substance ; the straight tube 
should be rather narrow, and inclined slightly to jirevent the heavy 
fumes from returning. E is the receiver containing water (or — in the 
presence of antimony — solution of tartaric acid in dilute hydrochloric 

* If the coal gas contains sulphur, some is likely to he absorbed by the fusion — 
Price, Joum. Chem. S4>c. (2) 2, 51. If a platinum crucible is used, do not raise 
the heat more than necessary, or the crucible may be attacked. 

f Annal. d. Chem. u. Pharm. 107, 128. 

* Pour K perfectly cold mixture of 45 parts of sulphuric acid snd 21 of water, over 
one of 18 parts of chloride of sodium and 15 of finely powdered binoxide of manganese, 
and shake, when a steady evolution of chlorine will at once begin, which, when it 
shows signs of slackening, may be promoted by a yerule heat. 
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acid), iT’is a U-tube also containing- water, G conducts the escaping 
chlorine into a carboy filled with moist hydrate of lime. 



Fig. 97. 

When the apparatus is arranged, the sulphide to be examined is 
weighed in a narrow glass tube sealed at one end, and subsequently 
cautiously transferred from this tube to the bulb, in the manner illus- 
trated by fig. 98, so as to ] ire vent any jiortion of the substance getting 
into the ends of the bulb-tube. 

When the apjiaratus is filled with chlorine, B is connected with C, 
and the chlorine is allowed to act on the sulpliide, at first without the 
aid of heat. When no further alteration is 
observed — the receiver E being full of chlo- 
rine — a very gentle heat is applied to the 
bulb, care being taken also to keep the tube 
O warm, securing it thus from being stopjied 
up by the sublimate of a volatile chloride. 

The sulphide is completely decomposed by 
the chlorine, the metals being converted into 
chlorides, which partly remain in the bulb, 
partly — (viz., the volatile ones, as chloride 
of antimony, chloride of arsenic, chloride of mercury) — pass over 
into the receiver ; the sulphur combines with the chlorine to chloride 
of sulphur, which passes into E, where, coming in contact with 
water it decomposes with the latter, forming hydrochloric acid and 
hyjiosulphurous acid, with separation of sulphur. The hyposul- 
phurous acid decomposes ag’ain into sulphur and sulphurous acid, 
which latter is at last, by the action of the chlorine water in E, con- 
verted into sulphuric acid. The final result of the decomposition is 
consequently sulphuric acid and a greater or less amount of separated 
suljihur. The separation of sulphur is troublesome, and may be 
avoided to a certain extent by heating slowly. The operation is con- 
QUANT. VOL. I. c C 



Fig. 98. 




S86 DETERMINATION. [§ 148. 

eluded when no more products — with the exception, perhaps, of sesqiii- 
chloride of iron, the complete expulsion of which need not ])e awaited — 
]niss over from the bulb. Heat is tlien applied to the bulb-tube, pro- 
ceedins: from the bulb towards the bend, so as to force all the chloride 
of sulphur and the volatile metallic chlorides to pass over into E, or at 
least to occupy’ the end of tin* Inilb-tube. 

The apparatus is left undi^turbed a short time lonpcer, after wliich 
the tube is cut otf under the bend at 0 , and the separated end, which 
jy»‘enerally contains a ]iortion of the volatile chlorides, closed with a 
smooth cork or by invertinj*' over it a »lass-tube sealed at one end and 
moistened inside. Tlie whole is now allowed to stand 24 hours, to 
allow the volatile chlorides to absorb moisture, which wdll render them 
solulde m water witljout ‘i't‘iieratini»‘ heat. The metallic chlorides in 
the cut-otl' end of the tulje are tlnui dissolved in dilute hydrocliloric 
acid, the end is rinsed, and the solution added to the contents of the 
tubes E and a very ^(‘iitle heat is now^ ajqdied until the free 
chlorine is expelled, and the duul is then allowed to stand until the 
sulpliur has solidified. The suljiliiir is filtered of!'(»n a w'eiiihed filter, 
w’ashed, dri(*d, and wud<^hed. The filtrate is ]>recipitated wuth cliloride 
of liarium (§ 1*J2), by w hicli ojx'ration the amount of that portion of the 
sulphur is determined which Ims lieen converted into suljihuric acid. 
The fluid filtered from the suljdiate of liaryta contains, besides the 
excess of chloride of barium added, also the volatile metallic chlorides; 
w’hich latter are finally determined in it by the projier methods, wdiich 
w'lll be found in Section V. 

The chloride remaining’ in the bulli-tube is either at once w^ei^^h^d 
as such (chloride ofsiiv(‘r, chloride of lead), or wdiere this is impracticable 
— as in the case of cojijier, for instance, winch remains partly as sub- 
chloride partly as chloride — it is dls^olved in w'at(*r, hydrochlOric acid, 
nitrohydrocliloric acid, or some otlier suitalile solvent, and tlie metal or 
metals in the solution are (huermined by the methods already descnlied, 
or wdiich will )»e found in Section V. To be enabled to ascertain the 
weight of the bulb-tube containing* chloride of silver, it is advisable to 
reduce the chloride by hydrogen gas, and then dissolve the metal in 
nitric acid. 

In casc.N w here jmu have only to estimate the sul])hur, sa}" in sub- 
stances cootainiug* also suljdiuiic acid, O. Lindt* recommends con- 
ducting* tlie chloride of suljibur and the volatile metallic chlorides into 
pure solution of soda, wdien decomposition immediately takes place, 
producing* sul])li]de of sodium, liyjiosuljihite of soda, chloride of 
sodium, and hyjioclilorite of soda. When the decomposition is over, 
continue passing- the chlorine for tw o hours through the soda, eva- 
porate then to dryness, ignite the residue cautiously to destroy the 
chlorate of soda, dissolve in w^ater, and estimate the suljihuric acid 
according to § ld2. 

d. Oxidatim htj Oxide of Mercury {after B(JNSEn). 

This method, w hich wdll he found in detail, § 188, is particularly 
suited to the estimation of bul])hur in volatile compounds, or in 
substances which wdieii iieated lose sulphur. 


* ZeitBchr. f. anal. Chera. 4, 370. 
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2. Methods in the Wet Way. 

a. Oxidatijon of the Sulphur hy Acids yielding Oxygen^ or hj Halogens,^ 

a. Wei^li the finely pulverized sulphide in a small ^lass tube sealed 
at one end, and drop the tube into a tolerably capacious stronj^ bottle 
with g*lass stopper, which contains red fuming' nitric acid (perfectly free 
from sulphuric acidf) in more than sufficient quantity to effect the 
decom])osition of the sxilphide. Immediately after having: dropped in 
the tube, close the bottle. When the action, which is very impetuous 
at first, has somewhat abated, shake the bottle a little ; as soon as this 
operation ceases to cause renewed action, and the fumes in the flask 
have condensed, take out the stopjier, rinse this with a little nitric acid 
into the bottle, and then heat the latter gently. 

aa. The nihole of the Stdjdmr has heeu oxidized, the Fhiid is pirfectly 
cUar:\ Evaj)orate with some chloride of sodium, towards the ena 
adding' pure hydrochloric acid repeatedly, cooling: the dish each time 
before adding* the acid. Dilute with much water, and determine the 
sulj)huric acid as directed § Make sure that the jirecipitate is 

])ure, if it is not purify it according- to § 1S2. Sejiarate the bases in 
the filtrate from the excess of the salt of baryta by the methods ^iven 
in Section V. 

hh. Uadissolmf Sulphur ^ fonts in the Fhud • Add chlorate of potassa 
in small portions, or strong* liydrochloric acid, and digest some time on 
a water-bath. This jiroce.vss will often succeed in dissolving* the whole 
of the suliihur. Should this not be the case, and the undissolved 
suljdiur a]ipear of a pure yellow color, dilute with water, collect on a 
woig*ln*d filter, wash carefully, dry, and weigh. After weighing*, ig'nite 
tlie whole, or a portion of it, to ascertain whether it is perfectly pure. 
If a fixed residue remains (consisting (-ommonly of quartz, g*angiie, <i:c., 
but ])ossi]dy also of suljihate of lead, sulphate of baryta, etc.), deduct 
its weight from tliat of the impure sulphur. In the filtered fluid 
determine the suljdiuric acid as in aa^ calculate the sulphur in it, and 
add the amount to that of the undissolved sulphur. If the residue left 
upon the ignition of the undissolved sulphur contains an insoluble 
suljihate, decompose this as directed in § 13!2, and add the suljdiur 
found in it to the princijial amount. 

In the ])resence of bismuth, the addition of chlorate of potassa or of 
hydrochloric acid is not advisable, as chlorine interferes with the 
determination of bismuth. 

/3. Mix the finidy juilverized metallic sulphide in a dr}- flask, by 
shaking*, with jiowdered chlorate of ])otassa (free from sul])huric 
acid), and add moderately concentrated hydrochloric acid in small 
jjortjons. Cover the flask with a watch-glass, or with an inverted 
small flask. After digestion in the cold for some time, heat gently. 


* In presence of lead, baryta, strontia, lime, tin, and antimony, method h is pre- 
ferable to a. 

t To test for sulphuric acid in nitric or hydrochloric acid, it is necessary to evapo- 
rate on a water-bath nearly to dryness and take up with water before adding chloiide 
of barium. When the acid cannot be got pure, determine the sulphuric acid and 

allow for it. . • i i 

:J: This can of course be the case only in absence of metals formin^i insoluble salts 
with Bulpburic acid. If such metals are present, proceed as in bb. as it is in that case 
less easy to judge whether complete oxidation of the sulphur has been attained. 

c c 3 
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finally on the water-bath, until the fluid smells no longer of chlorine. 
Proceed now as directed in a, ««, or hb^ according as the sulphur is 
completely dissolved or not. In the latter case you must of course 
immediately dilute and filter. The oxidation of the sulphur may be 
usually effected more quickly and completely by warming with nitric 
acid of 1*36 sp. gr. on a water-bath, ana adding chlorate of potash in 
small portions. Compare Stoker,* Pearson, and BowDiTCH.f 

y. Aqua regia is also frequently used. J. LefortJ recommends 
a mixture of 1 part strong hydrocliloric acid, and 3 parts strongest 
nitric acid. 

S. Bromine may also be used. Pyrites or blende is digested at a 

f entle heat with water, and bromine gradually added. If the sulphides 
ave been prepared in the wet way, good bromine water is sufiicient 
to oxidize them. P. Waage§ prefers bromine to all other wet agents, 
and advises its purification by distillation in an apparatus from which 
all caoutchouc connexions are excluded. 

b. Oxidation of thr Sulphur by Chlorine in Alh aline Solution^ after 
Rivot, Beudant, and Dagitin.II (Suitable also for determining the 
sulphur in the crude article). 

Heat the very finely pulverized sulphide or crude sulphur, for 
several hours with solution of potassa free from sulphuric acid (which 
dissolves free sulphur, as well as the sulphides of arsenic and antimony), 
and then conduct chlorine into the fluid. This sjieedily oxidizes the 
sulphur ; the sulphuric acid formed combines with the potassa to 
sulphate, which dissolves in the fluid, whilst the metals converted into 
oxides remain undissolved. Filter, acidify the alkaline filtrate, and 
precipitate the sulphuric acid by chloride of barium (§ 132). Arsenic 
and antimony pass into the alkaline solution in the form of acids, but 
not so lead, which is converted into binoxide, and remains completely 
undissolved. This method is, therefore, particularly suitable in presence 
of sulphide of lead. In presence of sulphide of iron, sulphate of ])otassa 
is formed at first, and hydrate of sesquioxidc of iron, which, if the 
action of the chlorine is allowed to continue, begins to be converted 
into ferrate of ])Otassa. As soon, therefore, as the fluid commences to 
acquire a red tint, the transmission of chlorine must be discontinued, 
and the fluid gently heated for a few moments with powdered quartz, 
to decompose the ferric acid. 

It occasionally liappens, more particularly in presence of sand, 
iron pyrites, oxide of copper, Ac , that the process is attended with 
impetuous disengagement of oxygen, which almost completely prevents 
the oxidizing action of the chlorine. However, this accident may 
be guarded against by reducing the substance to the very finest 
powder. 

c. Regarding the method of Clobz and Guignet (by permanganate 
of potash) see the Analysis of Gunpowder. 

B , Methods Based on the Conversion of the Sulphur 
INTO Sulphuretted Hydrogen or a Metallic Sulphide. 

a. The determination of the sulphur in the sulphides of the metals 
of the alkalies and alkaline earths soluble in water is best effected — 

* ZeitRcbr. f. anal. Chem. 9, 71. t Ih, 9, 82. 

XJh. 9,81. § lb. 10, 206. 

ii Compt. Bend. 1835, 865 ; Journ. f. prakt. Chem. 61, 184. 
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provided they are free from excess of sulphur — by I., ^ or c. In the 
absence of acids of sulj)hur you may also convert tiie sulphur into sul- 
phuric acid by bromine water. The bases are conveniently estimated 
in a separate portion, which is decomposed by evaporation with hydro- 
chloric or sulphuric acid, or — when none but alkali-metals are present — 
by ignition with 5 parts of chloride of ammonium in a porcelain crucible, 
li the compounds contain excess of sulphur they should be oxidized 
either by chlorine in alkaline solution, or treated according* to B, c, or C; 
if they contain hyposulphite or sulphite, proceed according to § 168. 

If, The sulphur contained in alkaline fluids as monosulphide or 
hydrosulphate of the sulphide may also be determined directly by 
volumetric analysis, by means of a standard arnmoniacal silver or 
cojiper solution. In using the former, mix the solution wuth ammonia, 
heat and add the standard fluid till on filtering off a small portion, and 
adding silver solution, a mere opalescence is jiroduced (Lestelle*). 

1 11 using the copper solution, mix the fluid to be tested wdth ammonia, 
heat to 60° or (50°, and add the standard solution, frequently shaking 
and boiling till no further precijiitation of GuO, 6 Gu8 is produced, and 
tlie solution begins to be blue (VerstraetI). To make a standard 
cojiper solution, 1 c.c. of which shall equal *01 NaS, dissolve 9'764 
pure copper in 40 grm. nitric acid, boil, add 180 to 200 c.c. ammonia 
and water to 1 litre. These methods are well adapted for technical 
jiurjiGses, for the estimation of sulphide in soda lies for instance. It 
need hardly be added that precipitated sulphide of silver, copper, or 
lead (if you have used a solution of oxide of lead in potash) may be 
estimated graviraetrically. 

c. If all the sulphur can be expelled from the substance in the 
form of sulphuretted hydrogen by heating with hydrochloric acid, the 
sulphide may be heated in a small flask with the concentrated acid to 
complete decomposition and expulsion of the sulphuretted hydrogen- — 
the latter being determined according to I. If the substance is a fluid, 
the apparatus on p.841 (for the exjmlsion of carbonic acid) is to be recom- 
menaed for the disengagement of the sulphuretted hydrogen. The 
tube h should be replaced by a small condenser flxed upright (see the 
Analysis of Black Ash). In the case of polysulphides the sulphi^ 
separated in the evolution flask is collected on a filter dried at 100 , 
washed, dried first at 70°, then for a short time at 100°, and weighed. 

C. Method Based on the Separation and Weighing of 
THE Sulphur. 

The following process has been advantageously employed by M. 
MoutheuxI for the estimation of sulphur in alkaline polysulphides : 

Extract 10 grm. with boiled water, make the filtrate up by washing 
to 100 grm. or c.c., and transfer 10 grm. or c.c. (which contain the 
soluble part of 1 grm. of the substance) to a burette, with a glass tap, 
of 40 to 46 c.c. capacity, whose exit is cut off obliquely and also narrow 
fsow add, shaking the closed burette from time to tune, a solution of 
iodine in iodide of potassium (1 part iodine, 6 parts iodide of potassium, 
60 parts water) till it just ceases to be decolorized, and a j)ortion of the 
fluid ceases to brown a piece of paper which has been saturated with 
solution of sulphate of iron and dried. Add 8 — 10 c.c. bisulphide of 

I Jb. 1, 890. 


* Zeitttchr. f. anaL Chem. 2, 94. 


t Jb. 4, 216. 
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finally on the water-bath, until the fluid smells no long'er of chlorine. 
Proceed now as directed in a, or according as the sulphur is 
completely dissolved or not. In the latter case you must of course 
immediately dilute and filter. The oxidation of the sulphur may be 
usually effected more quickly and completely by warming with nitric 
acid of 1*36 sp. gr. on a water-bath, and adding chlorate of potash in 
small portions. Compare Stoker,* Pearson, and BowDiTCH.f 

y. Aqua regia is also frequently used. J. LefortJ recommends 
a mixture of 1 part strong hydrochloric acid, and 3 parts strongest 
nitric acid. 

S. Bromine may also be used. Pyrites or blende is digested at a 

f entle heat with water, and bromine gradually added. If the sulphides 
ave been prepared in the wet way, good bromine water is sufficient 
to oxidize them. P. W aage§ prefers bromine to all other wet agents, 
and advises its purification by distillation in an apparatus from which 
all caoutchouc connexions are excluded. 

If. Oxidation of the Sulphur hy Cldorlnr in Alhalitie Solution^ after 
Rivot, Beudant, and Daguin.|| (Suitable also for determining the 
sulphur in the crude article). 

Heat the very finely pulverized sulphide or crude sulphur, for 
several hours with solution of potassa free from sulphuric acid (whi(*li 
dissolves free sulphur, as well as the suljdiides of arsenic and antimony), 
and then conduct chlorine into the fluid. This s})eedily oxidizes the 
sulphur ; the sulphuric acid formed combines with the potassa to 
sulphate, which dissolves in the fluid, whilst the metals converted into 
oxides remain undissolved. Filter, acidify the alkaline filtrate, and 
precipitate the sulphuric acid by chloride of barium (§ 132). Arsenic 
and antimony pass into the alkaline solution in the form of acids, but 
not so lead, which is converted into binoxide, and remains completely 
undissolved. This method is, therefore, particularly suitable in presence 
of sulphide of lead. In presence of suljihide of iron, sulphate of jiotassa 
is formed at first, and hydrate of sesquioxide of iron, which, if the 
action of the chlorine is allowed to continue, begins to be converted 
into ferrate of potassa. As soon thc-retore, as the fluid commences to 
acquire a red tint, the transmission of chlorine must be discontinued, 
and the fluid gently heated for a few moments with powdered quartz, 
to decompose the ferric acid. 

It occasionally hap])ens, more particularly in presence of sand, 
iron pyrites, oxide of copper, Ac , that the process is attended with 
impetuous disengagement of oxygen, which almost completely prevents 
the oxidizing action of the chlorine. However, this accident may 
be guarded against by reducing the substance to the very finest 
powder. 

c. Regarding the method of Cloez and Guignet (by permanganate 
of potash) see the Analysis of Gunpowder. 

B. Methods Based on the Conversion of the Sulphur 
INTO Sulphuretted Hydrogen or a Metallic Sulphide. 

a. The determination of the sulphur in the sulphides of the metals 
of the alkalies and alkaline earths soluble in water is best effected — 

* Ztiiinchr. f. anal. Chem. 9, 71. f Jb. 9, 82. 

lib. 9,81. § Ib. 10, 206. 

II (jonipt Rend. 1835, 865 ; Journ. f. prakt. Chem. 61, 134. 
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provided they are free from excess of sulphur — by I., h or c. In the 
absence of acids of sulphur you may also convert the sulphur into sul- 
phuric acid by bromine water. The bases are conveniently estimated 
in a separate portion, which is decomposed by evaporation with hydro- 
chloric or sulphuric acid, or — when none but alkali-metals are present — 
by ignition with 5 parts of chloride of ammonium in a porcelain crucible. 
It the comj)ounds contain excess of sulphur they should be oxidized 
either by chlorine in alkaline solution, or treated according to c^otC; 
it they contain hyposulphite or sulphite, proceed according to § 168. 

h. The sulphur contained in alkaline tluids as monosulphide or 
hydrosul])hate of the suljdiide may also be determined directly by 
volumetric analysis, by means of a standard ammoniacal silver or 
copper solution. In using the former, mix the solution with ammonia, 
heat and add the standard fluid till on filtering off a small portion, and 
adding silver solution, a mere opalescence is produced (Lestelle*). 
In using the copper solution, mix the fluid to be tested with ammonia, 
heat to 50” or 60”, and add the standard solution, frequently shaking 
and boiling till no further jirecijiitation of CuO, 5 CuS is produced, and 
the solution begins to be blue (VERSTRAETf). To make a standard 
copper solution, 1 c.c. of which shall equal *01 NaS, dissolve 9 754 
pure copper in 40 grm. nitric acid, boil, add 180 to 200 c.c. ammonia 
and water to 1 litre. These methods are well adapted for technical 
purposes, for the estimation of sulphide in soda lies for instance. It 
need hardly be added that precipitated sulphide of silver, copper, or 
lead (if you have used a solution of oxide of lead in potash) may be 
estimated gravimetrically. 

c. If all the sulphur can be expelled from the substance in the 
form of sulphuretted hydrogen by heating with hydrochloric acid, the 
sulphide may be heated in a small flask with the concentrated acid to 
complete decomposition and expulsion of the sulphuretted hydrogen — 
the latter being determined according to I. If the substance is a fluid, 
the apjiaratus on p.841 (for the expulsion of carbonic acid) is to be recom- 
mended for the disengagement of the sulphuretted hydrogen. The 
tube h should be replaced by a small condenser fixed upright (see the 
Analysis of Black Ash). Jn the case of polysulphides the sulphur 
separated in the evolution flask is collected on a filter dried at 100”, 
washed, dried first at 70”, then for a short time at 100”, and weighed. 

C. Method Based on the Separation and Weighing of 
THE Sulphur. 

The following process has been advantageously emplo^^ed by M. 
MortreuxI for the estimation of sulphur in alkaline polysulphides : — 

Extract 10 grm. with boiled water, make the filtrate up by washing 
to 100 grm. or c.c., and transfer 10 grm. or c.c. (which contain the 
soluble part of 1 grm. of the substance) to a burette, wdth a glass tap, 
of 40 to 45 c.c. capacity, whose exit is cut off' obliquely and also narrow. 
]\ow add, shaking the closed burette from time to time, a solution of 
iodine in iodide of potassium (1 part iodine, 5 parts iodide of potassium, 
50 parts water) till it just ceases to be decolorized, and a portion of the 
fluid ceases to brown a piece of paper which has been saturated with 
solution of sulphate of iron and dried. Add 8 — 10 c.c. bisulphide of 


* ZeitBclir. f. anaL Chem. 2, 94. 


t 76. 4, 216. 


X Ib. 1, 890. 
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carbon, close the burette, place tlie finger on the stopper and shake. 
Hold the burette for some time inverted, then turn it round, and run 
nearly the Avhole of the solution of the sulphur in bisulphide of carbon 
into a weighed dish, add a fresh quantity of bisulphide of carbon to the 
burette, mix, run the bisulphide again into the dish and repeat the 
operation once more. After the evaporation of the bisulphide the resi- 
dual sulphur is weighed. 


THIRD GROUP. 

NITRIC ACID. CHLORIC ACID. 

§ 149. 

1. Nitric Acid. 

I. Determination, 

Free nitric acid in a solution containing no other acid is determined 
either by finding its S}>ecific gravity or in the volumetric way, by 
neutralizing with a dilute solution of* soda of known strength (comp. 
Acidimetrv). The following method also effects the same purpose : 
mix the solution with baryta water, until the reaction is just alkaline, 
evaporate with addition of pure carbonic acid water, nearly to dryness, 
dilute the residue with water, filter the solution which has ceased to be 
alkaline, wash the carbonate of baryta, add the washings to the filtrate, 
and determine in the fluid the baryta as directed in § 101. Calculate 
for each 1 eq. baryta 1 eq. nitric acid. Lastly, free nitric acid may 
also be determined in a simple manner by supersaturating with am- 
monia, evaporating in a weighed j)latinum dish, drying the residue 
at 110° to 120^, and weighing the ]NH^O,N()j. (Schaffgotsch). The 
ammonia should of course be tested to sec that it leaves no residue on 
evaporation. 

II. Separation of nitric acid from the haseSy and determination of the 

aeul m nitrates. 

The determination of nitric acid in nitrates is an important and 
occasionally a difficult problem, which has of late years much occupied 
the attention of chemists. Before entering upon the consideration of 
the question, I would lay it down as a general rule, that whatever 
method may be selected, should always first be tried repeatedly upon 
weighed quantities of a pure nitrate, that some familiarity with the 
details of these rather complicated processes may be acquired. Con- 
sidering the great numl>er of methods that have been proposed, I shall 
confine myself to describing the simplest and the best. 

a. Methods based on the eoejmlsion of ths Acid in the Dry Way. 

a. In salts of the heavy metals or the earths, the determination of 
nitric acid may be effected by simple ignition of the anhydrous com- 
pound. If we are certain that the oxides remain in the same condition 
in which they were contained in the decomposed salt, the loss of weight 
indicates at once the quantity of nitric acid present. 

3. In the case of nitrates, whose residue on ignition has no 
constant composition, or by whose ignition the crucible is much 
attacked (alkaline and alkaline earthy nitrates), fuse the substance 
(which must be anhydrous and also free from organic and other volatile 
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bodies) with a non-volatile flux, and estimate the nitric acid from the 
loss. The following* bodies have been proposed as fluxes : — vitriflefl 
borax, bj v. Schaffootsch* (8 parts of borax-glass to 1 part of the 
nitrate), bichromate of potassa, by pEiisozf (2 parts to 1 of nitrate), 
and silicic acid by Reich.! All three yield satisfactory results, when 
the exjieriments are performed with careful regard to the peculiarities 
of the individual fluxes.§ Silicic acid is the best, as it may be readily 
procured, and the execution is the most easy and the most certain to 
succeed. I shall describe the method in its application to nitrate of 
[lotassa or soda. 

Fuse the latter at a low temperature, pour out on a warm porcelain 
dish, powder and dry again before weighing. Now transfer to a 
platinum crucible 2 to 8 grm. powdered quartz, ignite well and weigh 
after cooling. Add about *6 grm. of the salt prepared as above, mix 
well, and convince yourself by the lialance that nothing has been lost 
during mixing. The covered crucible is then exposed to a low red 
beat (just visible by day) for half an hour, and weighed after cooling 
with the cover. The loss of weight re])resents the quantity of nitric 
acid. {Sulphates or chlorides are not decomposed at the given tempera- 
ture ; if a higher he^tbe applied, the latter may volatilize. J’lie action 
of reducing gases must be avoided. The test-analyses, communicated 
by Reich (loc, cU,), as well as those performed in my own laboratory, 1| 
gave very satisfactorj^ results. 

h. Method based on the distillation of the Nitric Acid, 

All nitrates ma}’* be decom]»os(‘d by distillation with moderately 
dilute suljihuric acid. The nitric acid passing into the receiver may 
then be deteriiiiried, according to J., volumetrically or gravimetrically. 
This jirocess, originally recommended by (i lai)stone,1i was afterwards 
carefully studied 11. Rose and riNKENEU.*'^ 1 to 2 grm. of the 
nitrate should be treated with a cooled mixture of 1 volume con- 
centrated sulphuric acid and 2 volumes water. For 1 grm. nitre 
take 5 c.c. sulphuric acid and 10 c.c. water. The distillation may be 
performed either with a thermometer at 100" to 170° in a jiaraliin or 
sand-bath (duration of the distillation for 1 to 2 grm. nitre, 3 to 4 
hours), or in vtwuOy with the use of a water-bath. I'lie latter process is 
the best. In the former, the neck of the tubulated retort (which is 
ilrawn out and bent down) is connected with a bulbed U-tube containing 
a measured (quantity of normal soda or ])otassa solution (§ l?lb.) The 
distillation in meuo may be conducted, without the use of an air-pump, 
according to Fin ken eh, as follows : transfer the measured quantity of 
water and concentrated suljihuric acid to tlie tubulated retort, and the 
netjcssary ({uantity of standard potassa or soda solution diluted to 30 c.c. 
to a flask with a narrow^ neck of about c.c. capacity. Then, liy 
means of an india-rubber tube, connect the flask with the retort air- 
tight, so that the drawn-out point of the latter may extend to the body 
of the flask, and — with tubulure open — heat the contents of the retort 
and of the flask to boiling. When the air has been ex}>elied from the 

* Pogg. Annal. 57, 2(50. f Repertoire de Chim. appliqude, 1861, 253. 

t Berg- und Huttenmaunische ZeitscUrift, 1861, No. 21 ; Zeitschr. f. anai. Chem. 

1 , 86 . 

§ Zeitschr. f. anal. Chem. 1, 181. II b 

t Chem. Gaz. 1854, 898. ** Zeitschr. f. anaL Chem. 1, 809. 
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apparatus by lono- boiling, transfer the salt (weighed in a small tube) to 
the retort through the tubulure, close the latter immediately, and at the 
same time take away the lamp. The retort is then heated with a water- 
bath, the flask being kept cool. The quantity of nitric acid that has 
})assed over is finally ascertained by determining the still free alkali 
\vith standard acid. If it is suspected that all the nitric acid has not 
been driven into the receiver by one distillation, you may — by heating 
the flask and cooling the retort — distil the water back into the latter, 
and then the distillation from the retort may be re^ieated. The distillate 
thus obtained is always free from sulphuric acid, hence the results are 
very exact. The base remains as sulphate in the retort. In the pre- 
sence of chloride add to the contents of the retort a sufficiency of dissolved 
sulphate of silver, or — when much chloride is present — moist oxide of 
silver. The nitric acid is then obtained entirely free from chlorine. 

c. Mvtluids based on the decomposition of Nitrates by Alkalies and Alkaline 
Earths, 

a. Nitrates, whose bases are completely separated by caustic or car- 
bonated alkalies — j)rovided basic salts are not precijutated at the same 
time — may be analysed by simple boiling with an excess of standard 
potassa or soda or their carbonates. After cooling, dilute to ^ or | 
litre, mix, allow to settle, draw ofl* a portion of the supernatant clear 
fluid, determine the free alkali remaining in it, and calculate therefrom 
the amount consumed by the nitric acid. This jirocess was employed by 
Lan(ier and Wawxikiewicz,* but was, however, already known. 
Hayes obtained with the nitrates of silver and bismuth good results ; 
but with the subnitrate of mercury (using carbonate of soda) the results 
were not so satisfactory, f If the method is applied to nitrate of am- 
monia you must heat after adding the alkali till all the ammonia is 
driven ofl'. 

It need hardly be mentioned that the method is inaj)plicable in the 
presence of any other acid. 

(i. In nitrates whose bases are precipitated by baryta, lime or their 
carbonates (or by freslily jirepared hydrosulj>hate of sulphide of barium 
free from hyposulphite, Clai si) the acid may be estimated by precipi- 
tating hot or cold, filtering, passing carbonic acid it' necessary, heating, 
filtering, and estimating the baryta by sui])huric acid. 1 eq. = 1 eq. 
nitric acid. In apj>lying the method to nitrate of bismuth you must 
boil after adding tlie hydrate of barj^ta till the oxide of bismuth is 
yellow (Huge, Li:ddecke§). 

d. Methods based upon, the deeomjjosition of the Nitric Acid by Proto- 
chloride of Iron, 

a, PelouzeII was the first to turn the action of free nitric acid ujion 
protochloride of iron to account for the determination of nitric acid. 
The decomposition is as follows : 

6FeCl + KO,N(J, + 4HC1 = 4HO + KCl + + NO,. 

In Pelouze’s method a known quantity of jirotochloride of iron in 
excess is used, and the portion which remains unchanged determined 

* Annal. d. Chera. u. Pharm. 117, 280. 

•f H. ItosE, Zeitschr. f. aual. Chem. 1, 306. 

^ Zeitflchr. f. anal. Cheni. 1, 372. § Ib. 6, 238. 

il Jouru. f. prakt. Chem. 40, 324. 
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by permang*anate. His method of operating* is given in the note ;* it 
gives occasionally satisfactory results, but can never be relied on, in 
which view all agree who have subjected the question to a critical 
examination (compare Fr. MoHR,t and Abel and BloxamJ). The 
results of numerous experiments made in my own laboratory lead to 
the same conclusion. 

The following may be mentioned as causes of the defectiveness of 
the method : — 

a. Action of the air upon the nitric oxide present in the flask with 
aqueous vapor, which leads to the re-form a ti on of nitric acid ; this may 
be held to be the principal cause of the inaccuracy of the method. 

1}, Incomplete expulsion of the nitric oxide from the fluid, which 
leads to the reduction of a larger amount of permanganate than cor- 
responds to the protochloride of iron ; this is to be apprehended only 
in the case of dilute solutions. 

c. Escape of nitric acid before it has acted upon the protochloride of 
iron ; this is to he apprehended in cases where the fluid, after addition 
of the nitrate, is boiled very rapidly, and the excess of protochloride of 
iron is comparativedy small. 

d. Occasionally also loss of iron, owing to want of proper care in 
boiling, and to be ni)i)rehended more esj)ecially if part of the proto- 
chloride of iron deposits on the sides of the vessel above the fluid, in 
the solid state. 

I have succeeded in modifying Peloitze^s process so as to avoid all 
these sources of error, and to obtain perfectly accurate and reliable 
results. My process is conducted as follows : — 

Select a tubulated retort of about t?()0 c.c. capacity, with a long 
neck, and fix it so that the latter is inclined a little upwards. Intro- 
duce into the body of the retort about 1*5 grin, fine pianoforte wire, 
accurately weighed, and add about 30 or 40 c c. pure fuming hydro- 
chloric acid. Con(iuct now through the tubulure, by means of a glass 
tube reaching only about 2 cm. into the retort, hydrogen gas washed 
by solution of j)otassa, or (preferably) pure carbonic acid, and connect 
the neck of the retort with a U-tube containing some water. Place 
the body of the retort on a water-bath, and heat gently until the iron 
is dissolved. Let the contents of the retort cool in the current of 
hydrogen or carbonic acid ; increase the latter, and drop in, through 
the neck of the retort, into the body, a small tube containing a weighed 
portion of the nitrate under examination, which should not contain 
more than about *2 grm. of nitric acid. After restoring the connexion 
between the neck and the U-tube, heat the contents of the retort in 
the water-bath for about a quarter of an hour, then remove the water- 
bath, heat with the lamj) to boiling, until the fluid, to which the nitric 
oxide had imparted a dark tint, shows the color of sesquichloride of 
iron, and continue boiling for some minutes longer. Care must be 

♦ Dissolve 2 grm. pianoforte wire in 80 — 100 c.c. pure concentrated hydrochloric 
acid, with the aid of heat, in a flask holding about 150 c.c., which is closed by a cork 
with a glass tube fitted in it. When the wire is dissolved, add 1*2 grin, of the nitrate 
of potassa or an equivalent quantity of another nitrate to be aiiaixsetl, replace the 
cork, and heat rapidly to boiling. After 5 or 6 minutes, pour the fluid, which has 
now again cleared, into a larger-sized flask, dilute largely with water, and titrate with 
permanganate. 

f Lehrbuch der Titrirmethode, 1, 21fl. 

4 Quart. Jouru. Chem. Soc. 9, 97. 
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taken to give the fluid an occasional shake, to prevent the deposition 
of dry salt on the sides of the retort. 11 fore you discontinue ooiling, 
increase the current of hydrog*en or carbonic acid, that no air may enter 
throug-h the U-tube when the lamp is removed. Let the contents cool 
in the current of g“as, dilute co})iously with water, and determine the 
iron still present as protochloride with bichromate or perinang-anate. 
1G8 of iron converted by the nitric acid from the state of proto- to that 
of sesquichloride correspond to 54-04 of nitric acid. My test-analyses 
of pure nitrate of potassa gave 100*1 — 100*03 — 100*03 and 100*05, 
instead of 100.* 

/3. Since we have learnt how to titrate sesquioxide of iron with accu- 
racy directly, it is, as a rule, more convenient and exact, not (as in a) 
to estimate the j)rotoxide of iron remaining unoxidized after the action 
of the nitric acid, but, as C. D. BraitnI has pointed out, to determine 
the ses(juioxide produced. I can recommend the following mode of 
operating as the best.+ Besides the requisites for titrating sesquioxide 
of iron by means of protochloride of tin, given p. 225, you must have 
an acid solution of protoxide of iron, which is conveniently prejiared 
by dissolving 100 grm. sulphate of iron (as free as jiossible from sesijui- 
oxide) in 150-200 c.c. hydrochloric acid of 1*10-1*12 sp. gr. by the 
aid of heat in a | litre flask, and filling up to the mark with strong 
hydrochloric acid. As, however, it is not easy to keep this solution 
j)erfectly free from sesquioxide, the small quantity of tlie latter present 
is determined with protocliloride of tin in 50 c.c. (p. 225). It is well 
to heat the solution in a current of carbonic acid and titrate it imme- 
diately before or after the analvMS. 

Transfer the weighed nitrate (containing not above *2 nitric acid) 
to a long-necked flask, fitted with a doubly perforated cork. The 
latter carries two gla>s tubes, one of which nearly reaches into the 
body of the flask, while the other only just enters it. Pass car- 
bonic acid through the former till all the air is driven out, add 50 c.c. 
of the sulphate of iron solution, pass the gas again for some time, then 
lieat, at first gently, gradually to boiling, till the fluid has lost its 
blackish color, and has taken the pure tint of the sesquichloride of iron, 
and till the escaping gas cease® tu blue dilute starch-jiaste mixed wdth 
iodide of j»otassium when passed into it. JNow remove the cork with 
the tubes, rinse the longer one if necessary, and after diluting wuth 
twice it^ volume of water, determine the sesquichloride present accord- 
ing to p. 225. The cooling (for the purpose of estimating the small 
excess of tin solution wdth iodine) is advantageously conducted in the 
stream of carbonic acid. Deduct from the protocliloride of tin used 
first the small excess, ascertained by iodine solution, secondly the slight 
amount, corresjmnding to the sesquioxide contained in the 50 c.c. of 
protoxide of iron solution employed ; the remainder gives the iron in 
the sesquioxide produced, and, if this is multiplied by *3210?, the nitric 
acid. This factor is obtained thus : — 

6eq.Fe(168) : leq. jV 0/54*04) :: the iron present as sesquioxide : x. 

It will be seen that it is best, once for all, to multiply the known 
quantity of iron in 10 c.c. of the solution of sesquichloride used to 

* AnnaL d. Cbem. u. Pharm. 106, 217. *1* Journ. f. prakt. Chem. 81, 421. 

X Where oue or two estimatioos only are to be made you may diSHolve iron wire in 
hydrochloric acid as in a. 



NITEIC ACID. 


395 


§ 149.] 

Standardize the tin solution, the above factor, and to mark the pro- 
duct on the bottle as the corresponding* quantity of nitric acid. If you 
have no standard sesquichloride of iron, you may standardize the tin 
directly on nitric acid, by adtling a weighed quantity of nitrate of 
potash to 50 c.c. of the sulphate of iron solution, and determining the 
scs(|uichloride of iron produced as above. Results thoroughly good 
when the work is correct, and all the estimations succeed each other 
immediately.* 

y. ScH losing’s metliod.f 

The following method, employed by Sen losing, more jiarticularly 
to determine nitric acid in tobacco, and which affords this very impor- 
tant advantage, that it may be used in presence of organic matter, has 
successfully jiassed through the ordeal of numerous and searching ex- 
periments. 



Fig. 99. 


The process is conducted in the apparatus shown in fig. DO. 

The dissolved nitrate is introduced into the balloon A, whose drawn- 
out neck is connected, by means of an india-rubber tube with a 
narrow glass tube />; c is another caoutchouc-tube connected with 
and 15 cm. long. The solution of the salt, which must be neutral or 
alkaline, is boiled down to a small volume, the aqueous va})or com- 
jdetely expelling the air from A and the tubes ; c is dipped into a glass 
containing a solution of protochloride of iron in hydrochloric acid ; 
the lamp removed, and the receding regulated by com]>^es^ing the 
caoutchouc-tube c with the fingers; when the iron solution is nearl}' 
absorbed, some hydrochloric acid is allowed to recede, three or four 
times, in separate portions, to free the tube completely from proto- 
chloride of iron, which is absolutely necessary. Before air can force 
its way, c is closed by an iron clip, dipped under the mercury in the 
trough, and the end placed under the bell The lamp is now re- 
placed under A, to allow the reaction to proceed ; immediately after, 
the clip is replaced by the compression of the fingers, which are also 
removed from it as soon as a jiressure is felt from within. The re- 

^ Zeitschr. f. anal. Cbem. 1 , 88 . Holland gives a method in which the use of 
hydrogeu or carbonic acid is dispensed with, Cheni. News, 17, 219. 

t Aunal. de Chini. (8) 40, 47!1. 
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action is g*enerally terminated in about eip*ht minutes, when c is re- 
moved from under B, llie latter is a small bell-jar, made out of an 
adapter j it must hold three or four times the volume of the g^as to be 
received ; in cases where the evolution of g’as is rather 
impetuous, it is occasionally necessary to submerge tlie 
bell-jar in the trough, to effect a more speedy cooling 
of the vapor. I'he upper part of B is drawn out, as 
shown in fig. 100, to facilitate its subsequent insertion 
into the caoutchouc-tube, and also the breaking off of 
the point. The bell-jar is first filled with water, to 
expel the air from it, then with mercury ; milk of lime, 
previously boiled, is then finally introduced into it, by 
means of a curved pipette, which serves to free the 
nitric oxide entering B from every trace of acid vapor. 
The nitric oxide has now to be transferred to the bal- 
loon C, to be there reconverted into nitric acid by 
oxygen. The balloon C contains some water ; it is con- 
nected by a caoutchouc-tube, d, with a glass-tube, c, 
which bears at the opposite eml another thin caoutchouc- 
tube,/*, 10 cm. in length. 

The water in C is now heated to boiling, until all air is expelled 
from the balloon and the tubes by the aqueous vapor ; f is connected 
with the point of the bell-jar B^ which has just before been slightly 
scratched with a diamond, and the end of the point is then broken off. 
Idle aqueous vapor condenses at first in the bell-jar, and at the same 
time expels the small quantity of milk of lime remaining in the point. 
But if the lanij) is now removed, a current in the opjiosite direction 
speedily sets in, which drives the nitric oxide into the balloon C, Should 
this proceed too rapidly,^/' need sirnidy be compressed with the fingers. 
As soon as the milk of lime in the bell-jar has nearly reached the rim 
is' clo.sed by a clip. To transfer the last traces of the nitric oxide 
to C, pure hydrog-en (1?0 or iiO c.c.) is conducted into the bell-jar, and 
allowed to be absorbed as before, f is then closed by the clip, its end 
taken off from the jioint of tlie bell-jar^ and connected instead with the 
glass-tube of the oxygen- jar ; the cock r is now ojiened, and then 
the clip also, which will cause oxygen to pass into C, When the object 
of the operation has been attained, r is closed, and h and, /‘are discon- 
nected; after waiting a quarter of an hour, the nunc acid reproduced is 
determined by means of verv dilute solution of soda (§ LMb). 

The success of this method depends essentially upon the complete 
expulsion of the air from A and 6’. Sen losing obtained highly satis- 
factory results by it. Some test-analyses made in my own laooratory,* 
and by R. Fruhlino,! and H. Grouven, and E. Schulze,! were 
also unimpeachable, ^liere the quantity of nitric acid is only small, 
it is advisable to increase the amount of protochloride of iron consi- 
derably. 

It will be evident at once that while retaining the principle of this 
method, the apparatus may be modified in various ways. Sc h losing 
recommends for the estimation of quantities of nitric acid under *01 grm. 
a slightly different apjjaratus. Fruhling and Grouven made several 

* Zeitschr. f. anal. Chem. 1, 39. 
f IjandwirtbHchaftl. VerHUcliBstat 9, 14, and 150. 

' ^ ZeitacUr. f. anal. Cbem. 6, 33 4. 
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changes in the apparatus, but these were not of f^eat importance. E. • 
Reichardt* dispenses with the mercurial trough, and receives the 
nitric oxide in a vessel filled with soda solution, after having expelled 
all the air by means of hydrogen. As, however, it is difficult to procure 
hydrogen free from oxygen, this modification is liable to give low results. 

In Schulze's modification, described by H.WuLFERT,t the evolved 
nitric oxide is received in a bell-glass provided with a glass tap and 
filled with mercury, then passed into a measuring tube and measured. 
In the presence of a foreign gas, the latter is determined by absorb- 
ing the nitric oxide with protochloride of iron. Wulfert, however, 
never found more than ‘dd c.c. of gas left unabsorbed. The results 
were excellent, even with very minute quantities of nitric acid, and in 
the presence of much organic matter. 

e. Methods based on the conversion of the Nitric Acid into Ammonia, 

If a nitrate is heated in an alkaline fiuid in which hydrogen is 
evolved in the nascent state in sufficient quantity, all the nitric acid 
may be converted into ammonia, J so that from the amount of the same 
the quantity of the nitric acid may be accurately deduced. Schulze! 
was the first to a})ply this principle to the estimation (*f nitric acid, W. 
Wolf, II Harcouht,1I and Siewert** soon followed. Subsequently 
the method and the a[)j)aratus were modified by BuNSENft and llAaEii.U 
Schulze reduces with platinized zinc ; W. Wolf, IIarcourt, and 
Siewert with zinc and iron-filings; Bunsen with a zinc-iron spiral. 
The employment of zinc and iron appears to give the best results ; I 
shall, therefore, first describe Harcourt's process, in which aqueous 
solution of potash is used, and then Siewert's, in which alcoholic 
solution of potash is used. Organic matter destroys the accuracy of 
the results (Fhi]hlino§§). Opinions differ considerably regarding the 
value of the method, even in the absence of organic matter. Although 
Harcourt’s and Sikwert’s test-analyses were unexceptionable, 
Wolf (loc, cit.) gives the following three conditions as essential to 
success : (1) The conversion of the nitric acid into ammonia must take 
place in the cold — by heating during the evolution of hydrogen, 
ammonia is lost, probably from the escape of nitrogen as such ; (2) 
To obtain a good and uniform evolution of hydrogen, zinc and iron 
must be used in conjunction ; (3) The potash or soda must be dissolved 
in from ? to 8 parts of water, neither more nor less. These directions 
are, in part, quite inconsistent with those given by Harcourt. 
FinkenerIIII rejects all methods founded on this principle, on Jthe 
grounds that, although the whole of the nitric acid is decomposea, it 
is not all converted into ammonia. For mvself, I have not studied the 
method enough to pronounce authoritatively upon it ; but I must say, 
that both Harcourt’s and Siewert’s processes have generally given 
me good results. 

Harcourt employs the apparatus represented in fig. 101. Begin 

* Zeitschr. f. anal. Chem. 9, 24, t Ib. 9. 400. 

it The conversion in acid solutiun is only partial. — L. Gmkun, Mabtin. 

§ Chem. Coiitralbl 1801, 057 and 833. 

II Chem. Centralbl. 1862, 379 ; Journ. f. prakt. Chem. 89, 93 ; Zeitschr. f. anal. 
Chem. 2, 401. 

% Journ. Chem. Soc. 15, 885. ** Annal. d. Chem. u. Pharm. 125, 293. 

ft Zeitschr. f. anal. Chem. 10, 414. tX Ib. 10, 334. 

§§ Landwirthschaftl. Versuohsstat. 8, 473. 

III! H. Rose, Handb. d. anal. Chem. 6 Au£L von Finkenbb, ii. 829. 
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by bring'ing* the tube e into the vertical position, by turninj^ it half- 
round in the tubulure, then run in from the burette an excess of stan- 
dard acid, it will occupy d, add some tincture of litmus, turn the tube 
V buck again us represented, and run a little more acid into the 
bulbs. ]\ovv remove the dask «, while the tube and cork, as well as the 
little dask b containiug* some water, remain in unchanged position on 



Fig. 101. 

the sand-bath, and transfer to a about 50 grm. finely granulated zinc, 
and 25 grm. iron-dlings which have been purided by sifting and sub- 
sequent ignition in a current of hydrogen, then add the w^eighed nitrate 
‘5 nitre), 20 c.c. water and 20 c.c. potassu solution of 1 '3 sp. gr. 
rs'ow heat the part of the sand-bath c, wliicli is under w, till the con- 
tents of <7 boil. If the bulibles of air and hydrogen pass (juietly in c, 
loss of ammonia is not to be feared. As soon as the distillation has 
co: iin<*nced, ]dace the lamp so that the water in b also gently boils, 
'i'll • duid is tlius twice distilled in one operation, and the traces of 
]»ota>>a, which out of a, are completely retained in b. The end 
of each exit-tube is — as a further precaution — drawn out and bent up 
in the form of a hook. The disLillatioii requires 1 to 2 hours. It may 
be broken off, v>hen the hydrogen (which is disengaged in larger quan- 
tity as the potassa solution becomes more concentrated), has passed 
through the bulb-tube e 5 or 10 minutes regularly. As soon as the 
fluid in r has receded to in consequence of the cooling of the appa- 
ratus, remove the caoutchouc stopjier from the small tubulure /, and 
rinse the condenser with a stream of water, so as to be sure of getting 
the last traces of ammonia into the receiver. Now turn round the tube 
/» to bring it into a vertical jiosition, rinse it out with water, take it away 
and close the tubulure of the receiver with a cork. Finally, remove 
the receiver, rinse the outside of the condenser at the end, and jiroceed 
to titrate the free acid remaining. The metals remaining in a only 
want to be washed with water, dilute acid and water again, and they 
can be used for a second determination. It is true that when they 
have been once used they evolve hydrogen far slower than bright zinc 
and freshly-ignited iron, but the disengagement of ammonia proceeds 
equally well in both cases. Chlorides and sulphates have no influence 
on the operation. In the presence of oxide of lead it appears desirable 
to add sulphate of potassa. 
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SiEWERT employed to about 1 grm. nitre 4 grm. iron-filing-s and 
8 to 10 grm. zinc -filings, and also 16 grm. solid hydrate of potassa and 
100 c.c. alcohol, of '825 sp. gr. By 
the use of alcohol the danger of the 
boiling fluid receding is got rid of. 

His apparatus consists of a flask of 
300 to 350 c.c. caj)acity with evolu- 
tion tube, which leads to the flasks 
rej)resented in fig. 102. The capa- 
city of each is 1 50 to 200 c.c, ; they 
contain standard acid. The connect- 
ing tube h is ground ol)li(juely at 
both ends, c serves during the o})era- 
tion to hold a strip of litmus jiajier 
and after it to enable the annlyst to 
transfer the fluid from one flask to 
the other at will. After the ajijiaratus 
has lieen jmt together, thc^ disengage- 
ment of gas may be allowed to go on 
in the cold, or it may be assistcnl from the first by a small flame. After 
the lapse of half-an-hour the ammonia formed begins to pass over in 
proportion as the alcohol distils off. As soon as the latter is fully 
removed from the evolution flask, heat is apjdied with great caution — 
to drive out the last traces of ammonia — till steam ajiyiears in the 
evolution tube, or 10 to 15 c.c. alcohol are rapidly introduced once or 
twice into the evolution flask and distilled off. 

f. Method drpmdiof/ on the estimatum of the Iosh of llydrogm^ after 
Fk. SrUTTLZE.* 

If aluminium be dissolved in solution of potassa, aliimiiiate of the 
alkali is formed with evolution of hydrogen; the aiiuuiil ol hydrogen 
evolved corresponds to the rjuantity of aluminium d.: solved; and if a 
nitrate be added to the mixture evolving hydrogen. h‘ss gas is dis- 
engaged than would otherwise be the case, for a yiari of the nascent 
hydrogen serves to convert the nitric acid into ammonia (IN + 8H = 
Nil, 4 - 5110) ; this deficit of hydrogen is, of course, proportional to the 
amount of nitric acid converted into ammonia. According to Schulze 
the decomposition is comjilete, if the process is carried on slowly 
(FiNKENKRf contradicts this). A minute ([uantity of nitric acid gives 
rise to a relatively large deficit of hydrogen, hence this method can be 
applied to the estimation of small amounts of acid. E. Schulze+ states 
that the method cannot be used in the presence of organic matter. In 
such a case you must subject the substance to the following jireliminary 
treatment : — Heat with solution of potash till all ammonia is expelleii, 
add a concentrated solution ofjmre permanganate of potash, boil for 10 
minutes (after which the fluid should remain red), add some formic 
acid to decom])ose the yiermanganic acid present, filter, wash, concen- 
trate, neutralize exactly with suljihuric acid, and finally evaporate to a 
small bulk if necessary (Fr. SrHULZE§). 

I shall describe the apparatus which is somewhat similar to 

* ZeitBchr. f anal. Chem. 2, 300. 

+ H. Rose, Handb. d. anal. Cheui. 6 Aufl. von Fjnkrneb, ii. 829. 

It Zeitachr. f. anal. Chem. 6, 379. § Zeitachr. f. Chem. (N. F.) 4 , 296. 
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Knop’s azotometer,* and afterwards proceed to the execution of the 
analysis. 

'The flask A (fig*. 103) holds about 50 c.c., into its neck the tube B, 
which is expanded above into a bulb, is ground air-tight ; the glass rod 



Fig. 103. 

e is ground into the lower opening of B, and closes it completely ; this 
rod passes through the cork d, and is long enough to enable the operator 
to introduce fluid into B by means of a pipette, when the cork is raised 
to the top. The tube (7, divided into c.c., serves to measure the gas ; 
it is connected by means of the flexible tube 1, with the plain tube Dy 

♦ Chem. Centralbl. 1860, 244. The original Knop’s apparatus differs from the 
modification figured in the text only in this, that the tube U is not provided with the 
lateral tubulure below. The removal of water from D is effected by sucking it into a 
fiask. Rautsnbero’b modification consists in placing the tubes C and in a cylinder 
filled with water, which enables the operator to reguUte and detennine the tempera- 
ture of the gas on measuring, more conveniently. Instead of the apparatus given in 
the text, you may use that of RuMPF—Zeitschr. f. anal. Chem. 6, 899. 
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■which is of similar width. The ttlbuliire J is provided with spout and 
stop-cock, as shown in the drawing*. The upper opening of C is con- 
nected by the india-rubber tube k with a tube of small calibre, and 
the latter again with the tube A, which is fitted with a cork into the 
tubulure a. 

To perform a series of experiments, a rather large quantity of 
aluminium filings will be required. Any particles of steel should be 
removed from the same by a magnet. The first thing is to determine 
the wnfjlit of hydrogen yielded by a weighed quantity of this aluminium 
powder on its solution in potash. Tliis j)reliminary experiment is 
absolutely indispensable, as each kind of aluminium behaves differently 
in this respect. Introduce into A an exactly weighed quantity of 
aluminium ])owder, about *075 grm., and add some water. Introduce 
into B exactly 5 c.c. potash solution, and join A and B as represented. 
]\ow ])our water into B till it stands exactly at the upper mark in 
(I — i.c., the zero — and connect A %vith the measuring apparatus by 
inserting the tube h into the caoutchouc tube Having again satis- 
fied yourself* that the water in C and D is at the same height, and in 
C stands at zero, note the temperature of the room and place A in a 
beaker witli wat(*r of the same degree. ]Now allow water to run out at 
n till tin* surface of the fluid in B stands exactly at a certain mark, say 
at 00 c.c. , and in C' has sunk to about the mark 1. If after some time 
both levels have remained unchanged, and you are therefore convinced 
that the a})})aratus is air-tight, raise the glass-rod c slightly, allowing 
the potash in B to flow into A. As on account of the lower level in 
B, the air in A is under less jiressun* than th(‘ air in 71 or the free 
utmos[)here, care must he taken that the ojiening at c is closed, the 
moment that the fluul in B has almost run out and just enough remains 
to prevent free communication b(‘tween A and B. The volume of the 
fluid originally introduced into (acc^wding to th(Mi])ove, 5 c.c.) is sub- 
sequently to be deducted from that of the gas in (\ In pro])ortion as 
the aluminium dissolves, and hydrogen is evolved, the level in C sinks, 
while the column of vvat(*r in B rises and renders it necessary to dra^v 
off water at //., in order that both levels may remain about the same. 
When the evolution of gas in A has ceased, and you have satisfied 
yourself that the temperature of the \vater in which A stands, and aUo 
of the air, is the same as at the beginning, bring the water in B to the 
same level as that in (\ so that the tension of the gas in A and may 
correspond exactly to the atmosjihene pressure, as liefore the heginning 
of the experiment, and then read off* the height of the ff iiid m 6\ The 
number so observed, ////«//.%• the c.c. of fluid wdiich flowed from B into A, 
expresses the c.c. hydrogen evolved by the solution of the aluminium, 
under the existing circumstances of atmospheric jiressure, temperature, 
and tension of aipieous vajxir. Ileduce the measured volume to tlie 
dry condition, O'’ and 700 mm. (§ llhS), calculate the w*eight of this 
volume of hydrogen (1000 c.c. = *08001 grm.), and divide the aluminium 
used by the number found, tlie quotient gives us the number of grammes 
of aluminium wdiich evolve 1 grm. hydrogen. Schulze found tins 
(piotient in one case to be 10*504*J (0*1() of jmre aluminium w ould yield 
1 grm. hydrogen). ]\ow 8 eq. hydrogen (8) correspond to 1 eq. nitric 
acid (54*04), hence 8 x 10*504:2 84*0000 gnu. of the aluminium in 

quest ion correspond to 54*04 grm. nitric acid. 

We wdll now suppose that the exact value of the aluminium for our 

quant. \ul. 1. D D 
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purpose ])ein^ known, we are about, on some other occasion, to make a 
nitric acid determination with its aid. Beg'in by calculating^ how many 
c.c. hydrogen is yielded by a definite weight of aluminium, say 
*000 g:rm. for this particular day, i.c., the existing temperature and 
]»ressure. I may remark in passing that it is taken for granted that 
those remain constant throughout the process; a room should be 
chosen which is not liable to variations of temperature. Let us suppose, 
under the circumstances olitaiiiing, r)?^*4 c.c. hydrogen correspond to 
*050 grill, aluminium. Introduce the fluid to be analysed — sa}^ about 

c.c. — into the flask A, add a w’eighed (juantity of aluminium powder 
(at least 2 parts to 1 of nitric acid), arrange the apparatus as above 
directed, ana allow the jiotassa at first to flow only drop by drop 
into A . The solution of the aluuiinium must be so conducted that a 
.scarcely visible evolution of hydrogen may be kept up for at least an 
hour, and the whole ]>rocess should take ij or 4 hours. Convince 
yourself that the pressure and temperature are the same as at the 
beginning, and read off. 

Let us take one of SrHri.zF/s experiments as an illustration. 
•Ih grm. of the aluminium powder of the value above given, and a 
kno\Mi fjuaiitity of nitrate of pota>h were emjdoyed, Hod) c.c. hydrogen 
\N ere oiaained. How much nitric acid was jiresent ? *15 grm. alumi- 
nium would have evolved d x oS*4 = ITo't? c.c. hydrogen, but we have 
only oluaiiH'd l)o (I c.c. : therefore the deficit is ?D'dc.c., which, accord- 
ing to the jirojiortion 

o8 4 : r9*() :: *000 : .r x- *00810 
corresjionds to *0081.*) aluminium, which, according to the proportion 
84 OddO : 04*04 .• 'OOdL*) : x ,t- *04383 
corresponds to *04383 nitric acid. 

The amount of nitrate of potash actually employed w*as *083 grin., 
uliich contain*' theoretically *0443 

y. MHIukU m /vhich the Nitroffen is semrated in the (jasemis form, and 
measured or irexfjhed. 

These methods are especially apjdicahle to nitrates, which, wdien 
Ignited, ar^^ di comjiosed into oxido or metal and comjiounds of nitrogen; 
they will be found in § l8o, undt-r tin* liead ArmJtjsis of Orfjainc Bodies, 
Marigxac analysed the compounds of nitric acid and suhoxide of 
mercury in tin*' manner. BRf)Mris analys(*d the nitrites, &c., of lead 
h}^ a method g-iven by iJi .nsf.v.* These methods can hardly he 
dispensed with where the water of nitrates has to be estimated 
directly. 

If you wish to estimate the nitrogen gravimetrically, which is 
obtained In* igniting* a nitrate wuth finely divided cojiper, you may 
emjiluy Gibus’s inetliod.f 

h. The methods which are emjdoyed for tlie estimation of nitric acid 
in natural aters will be found under the head of Water Analysis, 

* Annal, d. Chern. u. Pharm. 72, 40. 
t Zeitachr. f. anal. Chera. 3, 393. 
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2. Chloric Acid. 

I. Determination, 

In the absence of other compounds of chlorine, free chloric acid in 
aqueous solution may be determined by converting* * * § it into hydrochloric 
acid (II., c and d)^ and determining the acid formed, as directed § 141 ; 
or by saturating* with solution of soda, evaporating* and treatinf^ the 
residue as directed in II., a or b. 


II. Separatum of Chloric Acid from, the Bases and Determination of 
the Acid, in Chlorates, 


a. After Bunsen.* When warm hydrochloric acid acts upon 
chlorates, the latter are reduced; as this reduction is not atended 
with sejiaration of oxygen, the following decompositions may take 
place ; — 



CIO 

CIO, 

HO 


CIO, 

2IIC1 


faoio 




aiio 


CIO. 


CIO 

4iicri 

( 4HO 


CIO, foci 
5HC1 ^5HO 


Which of these products of decomposition may actually be formed, 
whether fill or only certain of them cannot be foreseen. But no matter 
which of them may be formed, they all of them agree in this, that, in 
contact with solution of iodide of jiotassiiim, they libf*rate for every 
1 cq. chloric acid in the chlorate, 0 eq. iodine. ?C1*1 of iodine 
liberated corresjiond accordingly to r5*4() of chloric acid. The analytical 
process is conducted as described § 142, 3. The test analysis adduced 
oy Bunskn is favorable. According to FiNKENER,t however, this 
method giv(‘s too little iodine, and he therefore recommends boiling a 
mixture of 33 c.c, hydrochloric acid, ()G c.c. water, 10 grin, iodide of 
])Otassiuin, and 1 c.c. aqueous sul]>hurous acid for five minutes in a 
current of carbonic acid, allowing to cool in the gaseous current, and 
then adding this solution to the chlorate in a stopjiered bottle. The 
bottle should be previously filled with carbonic acid and then lilled up 
with the solution. It is closed firmly and heated for fifteen minutes 
in a water-liatli, allowed to cool thoroughly and shaken ; the fluid is 
finally diluted, and the free iodine estimated. 

b '. The weighed chlorate is heated in an excess of solution of 
sulphate of iron in hydrochloric acid, and the se^quicliloride of iron 
produced is estimated, 'fhe ])rocess is conducted as directed § 142, 
IT., d, fi. 12 eq. iron converted from the condition of protochloride into 
that of ses(|uichloride corresjiond to 1 e<|. chloric acid. 

c. The conversion of chloric acid (and generally of all oxygen 
com])ounds of chlorine, except perchloric acid) may be also (‘ff’ected in 
dilute a(jU(‘ous solution by nitrous acid or a nitrite, ju-eferahly by 
neutral nitrite of lead (ToussaintJ). The dilute aqueous solution of 
the chlorate is mixed with a slight excess of solution of nitrite of lead,§ 


* Annal. d Oheni. u. Pharm. 86, 282. 

+ H. Rose, Handb. der aiialyt. Chemie, 6 Aufl. von Finkener, ii. 612. 

t Annal d. Chera u. Pharm. 137, 114. 

§ Take 1 part of nitrate of lead, 1^ parts of lead and 50 parts of water, and boil 
them together for a long time. The so.utinn brat turns yellow and finally loses all 
color. Cool the solution rapidly when quadribasic nitrite of lead ( 4 Pb 0 ,N 03 ,I 10 j 

D D 2 
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acidified with nitric acid, and wanned. The hydrochloric acid pro- 
duced is converted into chloride of silver (§ 141, I., a). 

If you wish to apply this principle to the volumetric estimation of 
chloric acid proceed as follows : — Mix a very dilute standard solution 
of chlorate of potash in a stoppered bottle with excess of nitrate of 
silver, acidify strongrly with nitric acid, heat in a water-bath, and add 
the nitrite of lead till a fresh drop no longer produces a precipitate of 
chloride of silver. The liquid should be frequently shaken to favor the 
separation of the chloride of silver. The solution of nitrite of lead 
being thus standardized may be used for the estimation of unknown 
quantities of chloric acid. The author’s test analyses gave good 
results, which were corroborated by exj>eriments in this laboratory. 

d. The reduction of chloric acid may be also effected by means of 
hydrated ])rotoxide of iron. Mix the solution of the alkaline chlorate 
with a sufficiency of })ure sulphate of iron, supersaturate strongly with 
potash free from chlorine, boil for some time, filter off the protosesqui- 
oxide of iron thrown down, wash, acidify the filtrate with nitric acid, 
and precipitate the chlorine with solution of silver (§ 141, I., a — 
C. Stelling*). From my own experiments I find that it is well to 
make the filtrate up to 250 c.c., ana test a portion for chloric acid by 
acidifying with sulphuric acid, adding a minute quantity of iiuligo 
solution, and then a little sulphurous acid. Having satisfied yourself 
that all the chloric acid has been reduced, you may then estimate the 
chlorine as silver salt in an aliquot part of the 050 c.c. 

will fall down as a white powder. Suspend this powder in water and pass carbonic 
acid till the basic salt is entirely decomposed. Filter and preserve the solution in 
tdied bottles. 


Zeitschr. f. anal. Ciiem. 6, 32. 
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In the previous Section we have considered the methods employed for 
the determination of bases and acids, when only one base or one acid 
is })i*esent. Tn the present Section we shall treat of the separation of 
bodies, i.r., the determination of the bases and acids, when several 
bases or acids are present. 

The separation of bodies may be effected in three ways, viz., a, by 
/firrcf anaUfsis : h, by indirect analysis ; c, by estimation by difference. 

By direct analysis, we understand the actual separation of the bases 
or acids. Thus, we separate potash from soda by bichloride of 
I)latiiium ; copper from tin by nitric acid ; arsenic from iron by sul- 
phuretted hydrogen ; iodine from chlorine by nitrate of protoxide of 
])alladium ; nitric acid from sulnliuric acid by baryta; carbon from 
nitrate of potassa by water, &c. tvc. In direct analysis we render one 
body insoluble, while the others remain in solution, or vice i^ersd, or we 
volatilize one body, leaving the others behind, or we effect actual 
sejiaration in some other manner. This is tlie mode of analysis most 
frecpiently employed. It generally deserves the preference where 
choice IS permitted. 

We term an analysis indirect, if it does not effect the actual separa- 
tion of the bodies, but causes certain changes which enable us to cal- 
culate the cpiantities of tlie bases or acids present. Thus the (luantity 
of j)otash and soda in a mixture of the two may be determined by con- 
verting them into chlorides, weighing the latter, and estimating the 
chlorine (§ 152, 3). 

Finally, if we weigh two bodies together, determine one of them, 
and subtract its weight from that of the two, we shall find the weight 
of the other body. In this case the second body is said to be estimated 
hy diffiTcnce, Thus, alumina may be determined when mixed with 
sesfpiioxide of iron, by weighing the mixture and estimating the iron 
volu metrically. 

Indirect analysis and estimation by difference may be employed in 
an exceedingly large number of cases ; but their use is as a rule 
only to be recommended where good methods of true separation are 
wanting. The special cases in which they are preferable to direct 
analysis cannot be all foreseen ; those alone are pointed out which are 
of more freouent occurrence. As regards the calculations required in 
indirect analysis, I have given general directions under the Calcula- 
tion of Analysis;” wherever it appeared judicious, I have added the 
necessary directions to the description of the method itself, 

1 have retained our former subdivision into groups, and, as far as 
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practicable, systematically arranged, first, the general separation of all 
the bodies belonging to one group from those of the preceding groups ; 
secondly, the separation of tne individual bodies of one group irom all 
or from certain bodies of the preceding groups ; and finally, the 
separation of bodies belonging to one and the same group from each 
otner. I think I need scarcely observe that the general methods 
which serve to separate the whole of the bodies of one group from 
those of another group, are also applicable to the separation of every 
individual body of the one group from one or several bodies of the 
other group. It must not be understood that the more special methods 
are necessarily in all cases preferable to the more general ones. As a 
rule it must be left to individual chemists to decide for themselves in 
each special case which method should be adopted. With respect to 
the general methods for separating one group from another, I would 
observe that those adduced appeared to me more adapted to the 
purpose than others, but still mere may be others that are equally 
suitable, and in special cases even more so. A wide field is here open 
to the ingenuity of the analyst. 

The methods given for the separation of both bases and acids are 
generally based upon the supposition that they are in the free state, or 
in the form of salts soluble in water. Wherever this is not the case, 
special mention is made of the circumstance. 

From among the host of proposed methods, I have, as far as 
practicable, chosen those which have been sanctioned by experience 
and are distinguished for accurate results. In cases where two methods 
were on a par w'ith each other as regards these two points, I have 
either given both, or selected the more simple one. Methods which 
experience has shown to be defective or fallacious have been altogether 
omitted. I have endeavoured to point out, as far as possible, the 
particular circumstances under which either the one or the other of 
several methods deserves the preference. 

Where the accuracy of an analytical method has been established 
already, in Section IV., no further statements are made on the subject 
here. Paragraphs of former Sections deserving particular attention 
are referred to in parentheses. 

The extension of chemical science introduces almost every day new 
analytical methods of every description, which are, rightly or wrongly, 
preferred to the older methods ; the present time may therefore be 
looked upon in this, as in so many other respects, as a period of transi- 
tion, in w^hich the new strives more than ever to overcome and supplant 
the old. I make this remark to show the impossibility of always 
adding to the description of a method an o])inion of its usefulness and 
accuracy, and also to point out the importance, under such circum- 
stances, of a projier sj^stematic arrangement. I have in this Section 
generally arranged the various analytical methods upon the bases of 
their scientific princij)les, firmly persuaded that this will greatly tend 
to facilitate the study of the science, and will lead to endeavours to 
apply known principles to the separation of other bodies besides those 
to which they are already applied, or to apply new principles where 
experience has proved the old ones fallacious, and the methods based 
on them defective. 

I conclude these introductory remarks, with the important caution 
to the student, never to look upon a separation as succes^ullp accomplisfu dy 
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before he has convinced himself that the weighed precipitates^ Sfc^j are pure 
and more particularly free from those bodies from which it was intended to 
separate tlmm, 

I. SEPARATION OF THE BASES FROM EACH OTHER. 

FIRST GROUP. 

POTASS A — SODA — AMMON I A — (lI T H I a) .* 

§ 152. 

Index : — The Nos. refer to those in the margin. 

Potaaa from soda, 1, 2, 6. 

,, ammonia, 4, 5. 

Soda from |>otasBa, 1, 2, 6. 

,, ammonia, 3, 4, 5. 

Ammonia from potassa, 4, 5. 
ff soda, 8, 4, 6. 

(Lithia from the other alkalies, 7, 8, 9.) 

1. Methods based upon the different degrees of Solukility in Alcohol, of 
the Double Chlorides if the Alkali Metals and Bichloride of 
Platinum, 

a, PoTASSA FROM SoBA. 

It is an indisjiensabie condition in this method that the two 1 
alkalies should exist in the form of chlorides. If, therefore, they 
are present in any other form, they must be first converted into 
chlorides, which in most cases may he efi'eeted liy evaporation with 
hydrochloric acid in excess ; in the case of nitrates the evaporation 
w ith hydrochloric acid must he repeated 4 — (3 times till the weight 
of the gently ignited mass ceases to diminish. In pr(‘sen(*e of 
sulphuric acid, phosphoric acid, and horacic acid, this simple 
method will not answer. P'or the methods of separating the 
alkalies from the two latter acids, and converting them into 
elilorides, see §§ ld5 and IdG. The ]>resence of sulphuric acid 
being a circumstance of rather frequent occurrence, the way of 
meeting this contingency is given below (2). 

Determine the total quantity of the chloride of sodium and 
chloride of potassiumf (§§ y?, 1)8), dissolve in the least quantin- of 
water, add to the fiuid in a porcelain dish an excess of a strong 
aqueous solution of bichloride of platinum as neutral as possible. 
Enough platinum solution should be added to convert the sodium 
as well as the potassium into platinochloride. It is best to use a 
solution of known strength and to calculate roughly how much 
should be added. Evaporate on the water-bath nearly to dryness 
(the water in the bath should uever actually boil and the double 
chloride of platinum and sodium should not lose its water of 

* With regard to the separation of the oxides of ciesium and rubidium from the 
other alkalies, 1 refer to the ** Analysis of Mineral Waters.** 

t Never take the weight of the alkaline chlorides without convincing yourself of 
their purity by dissolving them in water, which should give a clear solution, and 
testing the solution with ammonia and carbonate of ammonia, which must throw down 
no precipitate. It may be thought, perhaps, that a matter so simple need not be 
uientioned here ; still I have ioimd that neglect in this respect is by no means 
uncommon. 
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crystallization), treat the residue with alcohol of from *80 to *87 
sp. gr., cover the dish with a gflass plate, and allow to stand a few 
hours, with occasional stirring. If the supernatant fluid is not deep 
yellow, this is a proof that the quantity of bichloride of platinum 
used is insuflicient. When the j>recinirate has settled, pour off the 
clear fluid through a weighed filter (|>referal)ly, an asbestos 
filter, § or, 4, a) and examine the precipitate most minutely, if 
necessary with the aid of a microscope. If it is a heavy yellow 
powder (sufficiently magnified, small octahedral crystals) it is the 
pure chloride of platiiiiiin and j)otassium.* Then transfer it — liest 
with the aid of the filtrate — to the filter, wash it with spirit of *80 
to ‘87 sp. gr. and pnxjeed according to § 07, 4 a. (Instead of 
weighing tlie double chloride or the platinum obtained from it, you 
may ignite gently in hydrogen, extract the chloride of potassium 
with water and weigh this or titrate the chlorine in it oy § 141, 

I., b, a.) If, on the contrary, white saline jiarticles (chloride of 
sodium) are to be seen mixed with the yellow crystalline ]>owder, 
bichloride of platinum has been wanting, the whole of the chloride 
of sodium not having been completely converted into chloride of 
sodium and platinum. In this case the precipitate in the dish must 
be treated with some water, till all the chloride of sodium is dis- 
solved, a fresh portion of bichloride of platinum is added, the whole 
evaporated nearly to dryness, and the above examination repeated. 

The quantity of the soda is usually estimated by subtracting from 
the united weight of the chloride of sodium and chloride of potas- 
sium the weight of the latter, calculated from that of the potassio- 
bichloride of jdatinum. 

To make quite sure that the potassa has completely separated, it 
is advisable to add to tlie filtrate some water, some more .bichloride 
of platinum, and, if the quantity of soda is only small, also some 
chloride of sodium ; evaporate on the water-bath nearly to dryness, 
at a temperature not exceeding 75° (Bischof), and treat the 
residue m the manner just described. In order to diminish the 
solvent action of the spirit on the chloride of potassium and plati- 
num, t ether may be now mixed with it. Should this operation 
again leave a small undissolved residue of chloride of potassium and 
jdatinum, it is filtered otF, best on a separate filter and first washed 
with alcohol and ether. As, however, this remainder of the double 
salt is generally impure, dissolve it on the filter with lioiling water, 
evaporate with a few drops of bichloride of platinum, treat the 
residue with alcohol, and if any jiotassium salt remains determine 
it either with the princijial quantity or by itself. 

If you are not satisfied with an indirect estimation of the 
sodium, one of the following direct methods may be employed, a. 
Evaporate the filtrate till the spirit has gone ofl‘, dilute, digest the 
solution with small jmre iron filings till the platinum is all thrown 
dow’n, filter, add chlorine water till the protochloride of iron is con- 
verted into sesquichloride, precipitate with ammonia, filter off the hy- 
drated sesquioxide of iron, and estimate the chloride of sodium in the 
filtrate. Evajiorate the filtrate, finally in a porcelain crucible, to 

* If small ietseral crystals are visible of a dark orange yellow color, and relatively 
large size, aud appearing transparent by transmitted light, then the double chloride 
ooutains chloride of platinum and lithium (jKSZscii, Pogg. Ann. 104, 102). 
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dryness, heat the residue to low redness in a current of hydrogen, 
extract with water, and determine the chloride of sodium in the 
solution. For small quantities of fluid this method will be found 
convenient, y. A. Mitscherlich recommends to mix the filtrate 
with sulphuric acid, evaporate to dryness, ignite the residue, 
extract the sulphate of soda with water, and estimate it according 
to § 98, 1. These methods of course yield the soda salt in a pure 
condition only when the separation of the potash has been perfect. 
They jiresent the advantage that the soda salt is brought under 
one’s eyes and may be tested after weighing. 

Should the solution contain sulphuric acid, it may be in presence 2 
of hydrochloric acid or of some volatile acid, convert the alkalies 
first into neutral sulphates (§§ 97, 98), and weigh them as such. 
For the estimation of the potash one of the two following methods 
may be used. 

a. First convert the sulphates into chlorides and then proceed as 
above. For this jnirpose baryta salts were formerly em]>loyed, or 
better an alcoholic solution of chloride of strontium. The sulphate 
of baryta, however, carries down considerable quantities of alkali 
salt, and the sulphate of strontia noticeable quantities, hence the 
employment of baryta more ])articularly cannot be recommended. 

H. Rose advises repeated ignition of the alkaline sulphates wuth 
chloride of ammonium till the w^eight remains constant; this 
process is simple and well adapted for small quantities; no loss 
of alkali need be feared if the heat is not unnecessarily raised. 

L. Smith advises the use of lead salts. Dissolve the alkaline 
sulphate, precipitate wuth pure neutral acetate of lead avoiding a 
large excess, add some alcohol, filter, precipitate the excess of lead 
with sulphuric acid, and evaporate to dryness with addition of 
sulphuric acid. This method wlu'ii carefully conducted fields 
excellent results. 

|3. Precipitate the potash directly out of the solution of the 
sulphates. R. Finkeneu* gives the following process. To the 
rather dilute solution of the salts in a capacious porcelain dish add 
bichloride of platinum in quantity more than sufficient to throw 
down all the potassium, evajiorate on a water- bath down to a few 
c.c., allow to cool, add, at first in small quantities, 20 times the 
volume of a mixture of 2 parts absolute alcohol and 1 part ether, 
with stirring, filter after a short time and wash the precipitate wdth 
alcohol and ether till the w^ashings are colorless. If wdien tlie 
alcohol and ether is first added, a strong aqueous solution of 
sul])hate of soda separates, add some hydrochloric acid till the fluids 
mix. Dry the precipitate consisting of platinochloride of potossium 
and sulphate of soda, heat with the filter in a porcelain crucible till 
the filter is carbonized, then in a current of hydrogen to scarcely 
visible redness, extract the residue wdth hot water, ignite the plati- 
num in the air, weigdi and calculate from the weight the quantity of 

potassium. . , , j r w 

The separation of potassium from sodium by bichloride of pJati- 
num gives results w'hich are fully satisfactory and at all events far 
more exact than any method depending on another principle; 

♦ H. Rose, HanJbuch der anal. Chem. d Aufi. von Finkkner, ii. 923. 
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provided that the platinum solution is pure and the operations have 
oeen carefully performed in accordance with the directions. If you 
have any occasion to doubt the perfect purity of the w'ei^rhed d(>ul)Ie 
salt you may always dissolve it in boiling* water, evaporate with ad- 
dition of a little platinum solution and reweigb the salt thus purified. 

In the case of a series of analyses the potash in the separated 
double salt may be titrated. For this purpose triturate it with 
twice its quantity of pure oxalate of soda free from chlorides, heat 
the mixture to fusion in a platinum crucible, extract the residue 
with water, neutralize the filtrate nearly with acetic acid, titrate 
the chlorine in the alkaline chlorides (§ 141, 1., a) and calculate 
1 eq. potash for 3 eq. chlorine. Where the quantity of the double 
salt is very minute, moisten it and the filter with a strong solution 
of neutral oxalate of potash, allow to dry, ignite in a covered 
crucible and then proceed as above. If the separated platinum is 
weighed it will yield a good control (F. Mohr’^). 

b. Ammonia from Soda. 

The process is conducted exactly as in a, when the alkalies are 3 
present as chlorides. 8ee also § 99, 2. If potassa also is present, 
the precipitate produced by bichloride of platinum is ammonio- 
bichloride of platinum + potassio- bichloride of })latinum ; in which 
case the weighed })recipitate is cautiously ignited for a sufficient 
length of time, but not too strongly, until the chloride of ammonium 
is expelled, the gentle ignition continued in a stream of hydrogen 
or with addition of oxalic acid, the residue extracted witli water, a 
few drops of hydrochloric acid added if oxalic acid was employed, 
and the chloride of potassium in the solution determined as directed 
§ 97, 3. The weight found is calculated into potassio-bichloride of 
platinum, and the result deducted from the weight of the whole 
precipitate ; the difference gives the ammonio-bichloride of plati- 
num. The weighing of the separated platinum affords a good 
control. The method is seldom employed, as that given in 2 yields 
more exact results. 

2. Mcthtfds based upon the Volatility (^‘Ammonia and its Salts, 

Ammonia from Soda and Potassa. 

a. The salts of the alkalies to be sejmrated contain the same volatile 4 
add, and admit of the total expulsion of their water by drying at 100^, 
withmt losing ammonia {e.g., the chlorides). 

Weigh the total quantity of the salts in a platinum crucible, 
and hear, with the lid on, gently at first, but ultimaUdy for some 
time to faint redness ; let the mass cool, and weigh. The decrease 
of weight gives the quantity of the ammonia salt. If the acid 

E resent is sulphuric acid, you must in the first plact., take care to 
eat very gradually, as otherwise you will suffer loss from the 
decrepitation of the sulphate of ammonia : and, in the second 
place, bear in mind that part of the sulphuric acid of the sulphate of 
ammonia remains with the sulphates of the fixed alkalies, and that 
you must accordingly convert them into neutral salts, by ignitioh in 
an atmosphere of carbonate of ammonia, before proceeding to deter- 

* ZeitHchr. f. atud. Cbem. 12, 137. 
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mine their weight (compare §§ 97 and 98), Chloride of ammonium 
cannot be separated in this manner from sulphates of the fixed 
alkalies, as it converts them, upon ignition, partly or totally into 
chlorides. 

b. Some (me or other oj the conditions given in a is not fulfilled. 

If it is impracticable to alter the circumstances by simple means 5 
so as to make the method a applicable, the fixed alkalies and the 
ammonia must be estimated separately in different portions of the 
substance. The portion in which it is intended to determine the 
soda and potassa is gently ignited until the ammonia is com])letely 
expelled. The fixed alkalies are converted, according to circum- 
stances, into chlorides or sulphates, and treated as directed in 
1, 2? or 6. The ammonia is estimated in another portion accord- 
ing to § 99, 3. 

3. Indirect Methods, 

Of course, a great many of these may be devised ; but the follow- 6 
ing is the only one in general use. 

Potassa from Soda. 

Convert both alkalies into neutral sulphates, or into chlorides 
(§§ 97 and 98), and weigh as such ; estimate the sulphuric acid 
(§ 132) or chlorine (§ 141) ; and calculate the quantities of the soda 
and potassa from these data (see below, Calculation of Analyses,” 

§ 200).* 

The indirect method of determining potassa and soda is appli- 
cable only in the analysis of mixtures containing tolerably large 
quantities of both bases; but where this is the case, the process 
answers very well, affording also, more particularly, the advantage 
of expedition, if the chlorine in the weighed chlorides is titrated 
(§ 141, L, h), 

Suppleinent to the First Group, 

Separation of Lithia from the other Alkalies. 

Lithia may be separated from potassa and soda in the indirect 7 
way, and by tw^o direct methods : — 

a. Treat the nitrates or the chlorides, dried at 120°, with a mix- 
ture of equal volumes of absolute alcohol and anhydrous ether, digest 
at least for 24 hours, with occasional shaking (the salts must be 
completely disintegrated), decant rapidly on to a filter covering the 
funnel, and treat the residue again several times vrith smaller 
portions of the mixture of alcohol and ether. Determine, on the 
one part, the undissolved potassa and soda salts ; on the other, the 
dissolved lithia salt, by distilling the fluid off, and converting the 
residue into sulphate. This method is apt to give too much lithium, 
as the potassa and soda salts, especially the chlorides, are not 
absolutely insoluble in a mixture of alcohol and ether. The 
results may be rendered more accurate by treating the imj)ure 
lithia salt, obtained by distilling off the ether and alcohol, once 
more with alcohol and ether, with addition of a drop of nitric or 

* Other methods are given by Stolba (Zeitschr. f. an»l. Chem. 2, 397) and Moua 
(/6. 7, 173). 
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hydrochloric acid, adding the reBidue left to the principal residue, 
and then converting the lithia salt into sulphaie. If the salts, which 
it is intended to treat with alcohol and ether, have been ignited, 
however so gently, caustic lithia is formed — in the case of the 
chloride bv the action of water — and carbonate of lithia by attrac- 
tion of carl)onic acid ; in that case it is necessary, therefore, to add a 
few drops of nitric, or, as the case may be, hydrochloric acid, in 
the process of digestion. The separation of the chlorides of the 
alkali metals by a mixture of ether and spirit was originally recom- 
mended by Rammelsbero,* subsequently by jENZSCH.f This 
method cannot yield perfectly exact results, as the lithium salt 
obtained by evaporation of the spirituous solution is always found 
to be impure by the spectroscope (DiehlI). 

If have to separate the sulphates, they must be converted into 
nitrates or chlorides before they can be subjected to the above method. 
This conversion is best effected by means of lead salts, see 2* 
tion tvith chloride of ammonium does not answer for sulphate of 
lithia, nor can the suljihuric acid be removed by baryta or strontia 
as the precipitated sulphates would contain lithia (Diehl§). 

h. Weigh the mixed alkalies, best in form of sulphates, and then 8 
determine the lithia as phosphate according to § 100. If the quan- 
tity of lithia is relatively very small, convert the weighed sulphates 
into chlorides (7), sejmrate, in the first place, the principal amount 
of the potassa and soda by means of alcohol (§ 100), and then 
determine the lithia (Mayeh||). 

c. When exact results are required the indirect method is to be 9 
preferred. Proceed first according to evaporate the spirituous 
solution of tlie chloride of lithium containing the remainder of the 
other chlorides to dryness, heat inoderattdy, weigh, dissolve in 
w ater, estimate the chlorine, and calculate therefrom the lithium 
and sodium or potassium. BunsenIF also applied the method to 
the indirect estimation of lithia in presence of potassa and soda, 
by removing the silver from the filtrate, and separating the 
potassium with jdatinum. But I must here point out, that 
according to Jenzsch** the potassium double salt will contain 
lithium apparently in the form of the platinochloride of potassium 
and lithium. 

The sulphuric acid in weighed quantities of the sulphates of 
lithia, and of potassa or soda, cannot be estimated by baryta (see 
end of 7)- 

The separation of lithia from ammonm may be effected like that 
of potassa and soda from ammonia (4 and 5)» 

♦ Fogg. Annal. 66, 79. + Ib. 104, 105. 

X Annal. d. Cbem. u. Pharm. 121, 97. 

§ Loc. cit. p. 98. ({ Annal. d. Chem. u. Pharm. 98, 193, 

1i /6. 122, 348, Fogg. Annal. 104, 102, 
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SECOND OBODP. 

BARYTA— STHONTIA — LIME — MAGNESIA. 

I. Separation of the Oxides of the Second Group from those 

OF the First. 

§ 153. 

Index The Nos. refer to those in the margin. 

Baryta from potassa and soda, 10, 12. 

„ ammonia, 11. 

Strontia from potassa and soda, 10, 13. 

,, ammonia. 11. 

Linie from potassa and soda, 10, 14. 

„ ammonia, 11. 

Magnesia from potassa and soda, 15 — 26. 

,, ammonia, 11. 

A . Gnural Method, 

1. The whole of the Alkaline Earths from Potassa 
AND Soda. 

Principle on which the method is hosed : Carhonate of ammonia pre^ 10 
ci/ntateSy from a solutwn containing chloride of ammaniumy only hargtOy 
strontioy and Unw. 

Mix the solution, in which the bases are assumed to be con- 
tained in the form of chlorides, with a sufficient quantity of 
chloride of ammonium to jircvent the precipitation of the majicnesia 
by ammonia ; dilute rather considerably, add some ammonia, then 
carbonate of ammonia in slig*ht excess, let the mixture stand 
covered for an hour in a moderately warm place, filter, and 
wash the ])reci})itate with water to whicli a few drops of ammonia 
have been added. 

The precipitate contains the bargtay strontiay and lime ; the filtrate 
the magnesia and the alhahes. So at least w’e may assume in cases 
where the highest degree of accurac}' is not required. Strictly 
speaking, however, the solution still contains exceeding:ly minute 
traces of lime and somewhat more considerable traces of baryta, 
as the carbonates of these two earths are not absolutely insoluble 
in a fluid containing’ chloride of ammonium ; the precipitate also 
may contain jiossibly a little carbonate of ammonia and mag:nesia. 
Treat the precijiitate according- to § 154, and the filtrate — in 
rigorous analyses — as follows : Add 3 or 4 drops (but not much 
more) of dilute sulphuric acid, then oxalate of ammonia, and let 
the fluid stand again for 12 hours in a warm place. If a preci- 
pitate forms, collect this on a small filter, wash, and treat on the 
filter with some dilute hydrochloric acid, which dissolves the 
oxalate of lime, and leaves the sulphate of baryta undissolved. 
Since a little oxalate of magnesia may have separated with the 
former, add some ammonia to the hydrochloric solution, filter 
after the precipitate has settled, and mix the filtrate with the prin- 
cipal filtrate. 

Evaporate the fluid containing the magnesia and the alkalies to 
dryness, and remove the ammonia salts by gentle ignition in a 
covered crucible, or in a small covered dish of platinum or por- 
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celain.* In the residue, separate the magnesia from the alkalies 
by one of the methods given 15 — 24 * 

2. The whole of the Alkaline Earths from Ammonia. U 
— ^The same principle and the same process as in the separation of 
potassa and soda from ammonia (4 and 5)* 

B, Special Methods, 

Single Alkaline Earths from Potassa and Soda. 

1. Baryta from Potassa and Soda. 

Precipitate the baryta with dilute suljdmric acid (§ 101, 1, a), 12 
evaporate the filtrate to dryness, and ignite the residue, with addi- 
tion towards the end of carbonate of ammonia (§ 97, 1 and § 98, 1 ). 
Take care to add a sufficient quantity of sulphuric acid to con- 
vert the alkalies also completely into sulphates. In exact analyses 
in order to save the alkaline salts adhering to the sulphate of baryta, 
remove the dry sulphate of baryta from the filter, heat it with a 
sufficient quantity of jmre strong sulphuric acid to dissolve it 
completely, allow to cool, dilute largely, collect the sulphate of 
baryta (now almost absolutely pure) on the first filter, ignite, and 
weigh. Evaporate the filtrate in a platinum dish, drive off the 
sulphuric acid, and estimate the traces of the alkalies. 

This method is, on account of its greater accuracy, preferable 
to the one in A, in cases where the baryta has to be separated only 
from one of the two fixed alkalies ; but if both alkalies are 
present, the other method is more convenient, since the alkalies are 
then obtained as chlorides. 

2. Strontia from Potassa and Soda. 

Strontia may be separated from the alkalies, like bnr}^a, by 13 
means of suljdiuric acul ; Imt this method is not preferable to the 
one in 10 , in cases where the choice is permitted (comp. § 102). 

3. Lime from Potassa and Soda. 

Precipitate the lime with oxalate of ammonia (§ 103, 2, a), 14 

eva}K)rato the filtrate to dryness, and determine the alkalies in the 
ignited residue. In determining the alkalies, dissolve the residue, 
freed by ignition from the ammonia salts, in water, filter if necessary, 
acidify the filtrate, according to circum.stances, wutli hydrochloric 
acid or sulphuric acid, and then evaporate to dryness; tliis treat- 
ment of the residue is necessary, because oxalate of ammonia par- 
tially decomj»oses chlorides of the alkali metals upon ignition, and 
converts the bases into carbonates, excent in presence of a large 
proportion of chloride of ammonium. The results are still more 
accurate than in A, except where oxalate of ammonia has been 
used, after the precipitation by carbonate of ammonia, to remove 
the minute traces of lime from the filtrate. 


* This operation effecte also the removal of the small quantity of sulphurio acid 
added to precipitate the traces of baryta, as sulphates of the alkalies are converted 
into chlorides upon ignition in presence of a large proportion of chloride of ammonium. 
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4. Magnesia from Potassa and Soda.* 

a. Methods hosed upon the sparing solubility of Magnesia in 

a. Make a solution of the bases, as neutral as possible, and free 15 
from ammonia salts (it is a matter of indifference whether the acid is 
sulphuric, hjrdrochloric, or nitric), add baryta- water as lonj^ as a 
precipitate forms, heat to boiling*, filter and wash the precipitate 
with boiling water. The precipitate contains the ma^esia as 
hydrate. Dissolve it in hydrochloric acid, precipitate the baryta 
with sulphuric acid, and then the magnesia as ammonio-phosphate 
(§ 104, 2). The alkalies, which are contained in the solution, 
according to circumstances, as chlorides, nitrates, or caustic alkalies, 
are 8e})arated from the baryta as directed in 10 or 12. Liebig, 
who was the first to employ this method, proposes crystallized sul- 
]diide of barium as precipitant. The method is not very exact, as 
magnesia is somewhat more soluble in solutions of alkali salts than 
in water. On this account the weighed alkali salt must always be 
tested for magnesia, and the latter estimated if required. 

Precipitate the solution with a little pure milk of lime, boil, 16 
filter, and wasli. Separate* the lime and the magnesia in the pre- 
cij)itate according to 32 ; the lime and the alkalies in the filtrate, 
according to 10 or 14. This method may be employed when the 
magnesia has to lie removed from a fluid containing lime and alkalies, 
provided the alkalies alone are to be determined. Minute quan- 
tities of magnesia also in this case remain with the alkali salt from 
the cause mentioned in a, 

y. Eva])orate the solution of the chlorides (which must contain 17 
no other aculsj to dryness, and, if chloride of ammonium is present, 
ignite ; warm the residue with a little water (this will dissolve it 
with the excejuion of some magnesia, which separates). Add 
oxide of mercury shaken up with water, eva]>orate to dryness on the 
water-bath with freciuent stirring, and ])roceed exactly as directed 
§ 104, 0, h. There is no need to continue the ignition until the 
whole of the oxide of mercury is expelled ; on the contrary, part of 
it may be filtered off together with the magnesia, ami subsequently 
volatilized upon the ignition of the latter. Treat the residue with 
small quantities of hot water, filter off rajiidly, and wash the 
magnesia with hot water, uMiig small quantities at a time, and not 
continuing the operation unnecessarily. The solution contains the 
alkalies in form of chlorides. This method, pro]>osed by Berzelius, 
gives satisfactory results, and, as far as my experience goes, is the 
best of those given umler a. Take care to add the oxide of mercury 
only in ])ro]ier quantity, and always test the alkaline chlorides for 
magnesia, a trace of which will generally be found. 

5. If the bases are present as chlorides, add pure oxalic acidf 18 
in sufficu nt (juantity to convert all the bases present, viewed as 
jiotassa, into (piadroxalates ; add some water, evaporate to dry- 
ness in a jilatinum dish, and ignite. By this operation the 
chlorides of the alkali metals are partially, the chloride of magne- 
sium completely, converted into oxalates, which, upon ignition, 

* The methods a, a and /9 are suitable for the separation of magnesia from lithia^ 

t ScUKUSR (Zeitsobr. f. anal. Chem. 11, 197) recommends oxalate of ammonia 
instead. 
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give carbonated alkalies and magnesia. Treat the residue repeatedly 
with small quantities of boiling water; during this washing the 
precipitate may be transferred to the filter or remain in the dish, 
no matter which. When all the alkali salt is washed out, dry the 
filter, burn it in the dish, ignite strongly, and weigh the magnesia. 

If the solution looks a little turbid, eva})orate to dryness, treat the 
residue with water, and filter od* the trifling amount of magnesia 
still remaining ; add, finally, hydrochloric acid to the filtrate, and 
determine the alkalies as chlorides. 

If the bases are jiresent in form of sulphates, add to the boil- 19 
iiig solution chloride of barium, until the formation of a preci- 
pitate just ceases, evaporate the filtrate with an excess of oxalic 
acid, and proceed as in 18. Ilemove the carbonate of baryta, which 
remains mixed with the magnesia, as directed 27 * 

W e owe these methods to Mitschehlich, and the descri}>tion 20 
of them to Lasch.* I have not found the results ])articularly accu- 
rate. The weighed alkali salt should always be te.^ted for magnesia. 
Usually a weighable precipitate is produced which cannot be ]»assed 
over.f 

The method described in 18 may also be successfully om]>loyed 
with nitrates, for which it is, indeed, specially recommended by 
Deville.J Carbonic acid and nitrous acid are evolved in the 
process of evaporation. 

h. Methods based ujnm the Precipitation of Mafpiesm bp Phosphate 
(jir Arseniate) of Ammonia, 

Add to the solution containing magnesia, jmtassa, and soda, 21 
ammonia m excess, and some chloride of ammonium, should this 
not be present already : pr<‘ci}>itate the magnesia with u shpht e,veess 
of pure phosjdiate of ammonia. Filter, remove the free ammonia 
by evaporation, and then pr(‘cipitate the j»hosphoric acid with ace- 
tate of lead as a combination of phosphate and chloride of lead. 
Remove the excess of oxide of lead from the still hot fluid by am- 
niunia and carlmnatc of ammonia, c»r b^ sulphuretted hydrogen, 
filter, and determine the potu>>a ami soda in the filtrate as directed 
U7 and (0. L. Erdmax>,§ IIeintzU). A somewhat trouble- 
some Imt very accurate method. If the solution contains much 
chloride of ammonium, the greater jiart must first be removed by 
volatilization. 

The excess of fdiosplioric acid may he also removed with sesipii- 22 
oxide of iron or oxide of silver instead of with oxide of lead. 

a. With sesquioxide of iron. Remove the ammonia by heat, 
neutralize if necessary with hydrochloric acid, add sescjuichloride of 
iron till the fluid is yellowish, tlicn a<ld carbonate of ammonia till 
the fluid is neutral or only acid with carbonic acid, boil, filter 
off the basic phosphate of iron (wliicli has a redilish-hrown color, if 
enough sesquichloride has been used), wash, evujmrate to dryness, 

* Journ. f. prakt. Chem. 63, 343. 

f I cannot recommend Honnehkchein's method (boiling the chlorides with car- 
bonate of silver) ; the filtrate always coutaitis magnesia, and, indeed, more than mere 

traces. 

X Joum. f. prakt. Chem. 60, 17. 

j| Pogg. Annal. 73, 119, 


§ lb. 89, 278. 
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expel the ammonia salts and estimate the potassa and soda « 
accordinp^ to §§ 97, 98. A ^od and convenient method. 

/3. With oxide oj silver. Evaporate to dryness, ig-nite cautiously, 
dissolve in water and mix with nitrate of silver and a slight excess 
of carbonate of silver. Filter, remove the excess of silver hydro- 
chloric acid and evaporate the solution with excess of hydrochloric 
acid to dryness (Chancel*). 

The separation is somewhat shorter, but less precise and also 
less convenient, if the magnesia is precij)itated with arseniate 
(§ 127, 2) instead of phosphate of ammonia; in this case the filtrate 
is evaporated to dryness with chloride of ammonium and the residue 
ignited under a good chimney. The excess of arsenic acid volati- 
lizes, while the alkalies remain as chlorides (always retaining, how- 
ever, a little chloride of magnesium). C. v. HAUERf recommends 
a similar method. 

c. Method hiised on the Precipitation of the Magnesia as Carbonate 

of Ammonia and Muptutsia, 

Mix the solution of sulpliat(‘s, nitrates, or chlorides (it must be 23 
very concentrated) with an excess of a concentrated solution of 
ses([uicarl)onate of ammonia in water and ammonia (280 grm. of the 
salt, 800 c.c. solution of ammonia sp. gr. ’90, and water to 1 litre). 
After twenty-four hours filter off the precipitate (MgO,CO„ + Nil 
0,C0^ + 4 a([.), wash it with the solution of caustic and carhonatea 
ammonia used for the precipitation, dry, ignite strongly and for a 
sufficient length of time, and wtdgh the magnesia. Evaporate the 
filtrate to dryness, keeping the heat at first under 100°, expel the 
ammonia salts, and determine the alkalies as chlorides or sulphates. 
When soaa alone is present the results are tolerably satisfactory. 

In the presence of potassa the ignited magnesia must be extracted 
with water, before weighing, as it contains an appreciable quantity 
of carbonate of potassa; the ’washings are to be added to the prin- 
ci])al filtrate. This last measure is unnece^sary in the absence of 
potassa. The magnesia is always a little too low. Mean error 
TD**00 0^- ScHAFFUOTSCH,+ II. WeBER§). 

d. Method depending on the precipitation of the alhalies as silieo- 

Jtuondes (Stolba|(). 

Where you have a mixture of the chlorides of potassium and 24 
magnesium or of the nitrates of potassa and magnesia, you may 
estimate the potassium in one aliijuot part as silicotiuoride (§ 97, 5) 
and })reci})itate the magnesium in another as ammonio-phosphate 
(§ 104, 2). If you want to make both estimations in the same portion 
of fluid, take the filtrate from the silicotiuoride of potassium, re- 
move the excess of hydrofluosilicic acid with alcoholic solution of 
acetate of potash, washing with a mixture of alcohol and water in 
equal volumes, and estimate the magnesia in tiie filtrate. If you 
have the sulphates to anah'se, the method cannot, in my opinion, 
be trusted on account of the difficult solubility of sul])hate of mag- 
nesia in dilute alcohol. 

♦ Comp. rend. 50, 94. 

*t Jahrb. der k.k. geoiog. Reichsanotait, 4, 863. 
t Pom. Annal. 104, 482. § Viertoij.ihrofischnft f. prakt. Pharm. 8, 161. 

II Zeitsolir. f. anaU Chen\. 4, lUO. 
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This method is less adapted to the separation of soda from mag- 
nesia as silicofluoride of sodium is more soluble in spirit than the 
potassium salt. In the case of sulphates the method must be re- 
jected ; in the case of chlorides or nitrates, add 2 volumes of strong 
alcohol after the hydrofluosilicic acid, and allow to settle completely 
before filtering. 

<*. Indirect methods^ which give at the same time the quantitg of 
potussa and soda, if both are present, 

a. Weigh the sulphates, divide tlie solution into two parts, in 25 
one estimate the magnesia (§ 104, 2), in the other the potiissa (2), 
calculate the sulphate of magnesia and the sulphate of potassa, and 
find the sulphate of soda from the difference. 

Convert, with proper care, the bases into pure neutral sul- 26 
phates, weigh, dissolve in water, and determine the suljdiuric acid 
oy chloride of barium (§ 132) ; precipitate the excess of barvtji from 
the filtrate by sulphuric acid, filter again, concentrate the filtrate 
bv evaporation, and determine the magnesia as directed § 104, 2 
( K . List*). 

Calculate the magnesia found into sulphate, and deduct this 
from the total weight of the sulphates : the difference shows the 
quantity of the alkaline sul])hates; deduct also the sulphuric acid 
combined with the magnesia from the total (juantity of suliihuric 
acid : the difference gives the amount combined with the alkalies. 

See 6- 

It will be readily understood that good results cannot be ex- 
pected from these indirect methods unless the greatest care is used. 

The tendency of sulphate of baryta to carry down soluble salts in- 
terferes with the accuracy of ;i. 

II. SePAR.4T10\ of the OXIDE‘S OF THE SeCOXD 
(Jkuup from each other. 

§ 154. 

Imlcjc — The Xo8. refer to*thoi»e in the margiu. 

Baryta from strontia, 28, 31, 40. 

,, iiine, 3o, 35, 40. 

,, ina^tieMKi, 27, 29. 

StrOiUia from baiyta, 28, 31. 40. 

„ lime, 34, 38, 39 

,, niagfiettiH, 27, 29. 

Lime from baryta, 28, 30, 31, 35, 40. 

,, stroiitiH, 34, 18, 39. 

,, nia;;neMa, 27, 32, 33, 80, 37.t 
MagivUfia from bar>ta, 27, 29 
„ Btroutia, 27, 29. 

„ lime, 27, 32, 33, 86, 37.t 

A. General Mtthod, 

THE WHOLE OF THE ALKALINE EARTHS FROM EACH OTHER. 

Proceed as in 10* The magnesia is precipitated from the 27 
filtrate as ammonio-phosphate (see p. 421, footnote). The pre- 
cipitated carbonates of the Ijaryta, strontia, and lime, are dissolved 

* Anoal. <J. Chem. u. Pharro. 81, 117. 
f Compare the method of Okffjnqss, 2^itBchr. f, aual. Cbem. 8, 456. 
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in hydrochloric acid, and the bases separated as directed in 28. 

The traces of magnesia, which may be present in the carbonate of 
ammonia precipitate, are obtained by evaporating the filtrate from 
the sulphate of strontia or lime to dryness, taking up the residue 
with water and prectj)itating the solution with ammonia and phos- 
phate of soda and ammonia. 

B. Special Methods, 

1. Methods hosed ttpon the Insoluhility of Silicqfluoride of Barium. 

Baryta from Strontia and from Lime. 

Mix the neutral or slightly acid solution with hydrofiuosilicic 28 
acid* in excess, add one- third of the volume of alcohol of *81 sp. gr., 
let the mixture stand twelve hours, collect the precipitate of silicfh 
fviyridr of harium on a weighed filter, wash with a mixture of equal 
parts of water and alcohol, until the washings cease to show even 
the least trace of acid reaction (but no longer), and dry at 100°. 
Preci{)itate the strontia or lime from the filtrate by dilute sul- 

i diuric acid (§ 102, 1, ^/, and § lO.S, 1). Tiie results are satisfactory. 

"'or the properties of silicofiuoride of liariiim, see § 71. If both 
strontia and lime are present, the sulphates are weighed, and then 
separated according to 34 , or they are converted into carbonates 
(§ 132, 11., h)j and sej)arated acconlmg to 38 or 39 - 

2. Methods hosed upon the InsoJuhdity of Sulphate of Baryta^ or 
Sulphate of Strontia^ as the ease may he^ in water and m Solu~ 
tion of I! yffosulphite of Soda. 

a. Baryta and Strontia from Magnesia. 

Precijutate the baryta and strontia with sulphuric acid (§ 101, 29 
1, a and § 1(>2, 1, «), and the magnesia from the filtrate with 
ammonia and double phosjihate of soda and ammonia (§ 104, 2). 

h. Baryta from Lime: 

Mix the solution with hydrochloric acid, then with highly dilute 30 
sulphuric acid (1 part acid to 300 water), as long as a prec.]ntate 
forms ; allow to deposit, and determine the sulphate of baryta as 
directed § 101, !,«. Concentrate the washings by eva]»oration, and 
add them to the filtrate, neutralize the acid with ammonia, and jire- 
cipitate the lime as oxalate (§ 103, 2. a). The method is jirin- 

cipally to be recommended when small (piautities of baryta have to 
be sejiarated from much lime. If ^^e have to separate sulj)hate of 
lime from sulphate of baryta the salts may (in the absence of free 
acids) he treated repeatedly with a solution of hyposuljihite of soda 
at H gentle heat. The sulphate of baryta remains undissolved, the 
sulphate of lime dissolves. Tlie lime is precipitated from the fil- 
trate by oxalate of ammonia (DiEiiLf). 

3. Method hosed upon the different dtfwrtment with Carhmated 
Alkalies of Sulphate of Baryta on tht‘ one handy and Sulphates 
of Strontia and Linu‘ on tfu‘ other. 

Baryta from Strontia and Lime. 

Digest the precipitated sulphates of the three bases for twelve 31 

* If not kept in a ^utta-peroha bottle it should be freshly prepared, 
t Journ. f. prakt. Chem. 79, 430. 
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hours at the common temperature (15"' ~!20®). with frequent stirring*, 
with a solution of carbonate of niiimonin, ilocant the fliiitl on to a 
filter, treat the residue repeatedly in tlie same way, w’ash finally 
with water, and in the still moist precipittite, sejparate the unde- 
composed sulphate of baryta by means of cold tlilute hydrochloric 
acid from the carbonates of strontia and lime formed. To hasten 
the separation you may boil the sulphates for some time with a solu- 
tion of carbonate of potassa (not soda) to which J the amount of 
the carbonate, or more, of sulphate of potassa has been added. By 
this process also the sul})hates of strontia and lime are decomposea, 
the sulphate of baryta remaining: unacted on. Jf the buses are in 
solution, the above solution of carbonate and sul])liate of potassa 
is added in excess at once, and the whole boiled. The jirecipitate, 
consistinir of sulj>lmte of baryta and carbonates of strontia and 
lime, is to be treated as above with cold hydrochloric acid (H. 
Rose*). 

4. Methods hosed on the Insoluhility of Sulphate of Lime in Spirit 
of 

Lime from Magnesia. 

Dissolve tlie bases as chlorides, remove the water by evapo- 32 
ration, dissolve tlie residue in stronir (but not absolute) alcohol, add 
a slig-ht exces.s of pure stronjr sulphuric acid, digest in the cold, 
allow to stand for some hours, transfer the ])reci})itatp consisting of 
sulphate of lime and some sulidinte of riiauuesia to a filter, wa^ll 
away the acid thorouglilv witli nearly alisolute alcoliol, and tlien con- 
tinue the wasliin<r with alcoliol sp. gr. •lh> — ‘95 till a few drojis 
of the washings give no residue on eva]>oration. Weigh the sul- 
phate of lime according to § lO.'b 1. Evaporate tlie alcohol from 
the filtrate, and estimate the maL^nesia according to § 104, 1?. The 
inetliod IS in itself not new, but A. Cinzv\sKi,f adopting the 
precautions here given, has obtained excellent results, even in the 
jiresenee of phosphoric acid. 

h. Small qt entities of Lime from mtch Magnesia. 33 
Convert the bases into neutral sulphates, dissolve the mass in water, 
and add alcohol with constant stirring, till a slight [»ermanent tur- 
bidit} IS produced. Wait a few liours and then filter, wash the 
jirecipitated sul])hate of lime with alcohol which has lieen diluted 
with an equal volume of water, and determine it after § lOd, 1, a 
(in which case the weighed .suJjdiate must he tested for nia^»nesia), 
or dissolve the jirecijJitate in water containing hydrochloric acid 
and sepanite the lime from the snntll (piaiitity of magnesia possibly 
coprecipitated according to 36 (♦Sen EERKR 4 ). 

5. Methods based on the Insolubility of Sulphate of Strontia and 
Baryta in solution of Sulphate of Ammonia, 

Sthontia from Lime. Jf the mixture is soluble, dissolve in 34 
the smallest quantity of w ater, add about r>0 times tlie quantity of 
the substance of siilphare < f ainmonia diss<dved in four times its 
weight of water, and either boil for some time with renewal of the 

* Pogc- Aniud. 95, 286, 299, 427. + Zt iNchr. f anal. Cbem. 4, 348. 

It Aonal. d. Cbem. u. Fbarm. 110, 287. 
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water that evaporates and addition of a very little ammonia (as the 
solution of sulphate of ammonia becomes acid on boiling), or 
allow to stand ai the ordinary temperature for twelve hours. Filter 
and wash the precipitate, which consists of sulphate of strontia and 
a little sulphate of strontia and ammonia, with a concentrated solu- 
tion of sulphate of ammonia till the washings remain clear on 
addition of oxalate of ammonia. The precipitate is cautiously 
ignited, moistened with a little dilute sulphuric acid (to convert 
the small quantity of sulphide of strontium into sulphate), reignited 
and weighed. The highly dilute filtrate is precipitated with oxalate 
of ammonia, and the lime determined according to § lOd, 2, h, o. 

If you have the solid sulj)liates to analyse, they are very finely 
powdered and boiled with concentrated solution of sulphate of 
ammonia with renewal of the evaporated water and addition of a 
little ammonia. Results very close, e.ff.y SrO,NOj instead of 

I’Obd, and *497 CaO,COj,, instead of *504 (II. Rose*). 

Baryta may be separated from Lime in the same way. 35 

(5. ha^rd upon th£ Insoluhilitp of Oxalate of Lime in, 

Chloride of Ammonium and in Acetic Acid, 

Lime from Magnesia. 

«. M IX the properly diluted solution witli suihcient chloride of 36 
ammonium to prevent the formation of a jirecipitate by ammonia, 
which IS added in slight excess ; add oxalate of ammonia as long as 
a precipitate forms, tlien a further portion of the same reagent, 
about sufficient to convert the maj^nesia also into oxalate (which 
remains in solution). This excess is absolutely indispensable to 
insure comjilete precipitation of the lime, as oxalate of lime is 
slightly soluble in chloride of magnesium not mixed with oxalate of 
ammonia (Expt. ISo, 88). Let the mixture stand twelve hours, 
decant the sujiernatant clear fluid, as far as practicable, from the 
jinvipitated oxalate of lime, mixed with a little oxalate of magnesia, 
on to a filter, wash the precqntate once in the same wa}" by decanta- 
tion, then dissolve in h^'drochloric acid, add water, then ammonia 
in slight excess, and a little oxalate of ammonia. Let the fluid 
stand until the precipitate has com])letely subsided, then pour on to 
the previous filter, transfer the ]>recipitate finally to the latter, and 
proceed exactly as directed § 188, 2, h,a. The first filtrate contains 
by far the larger portion of the magnesia, the second the remainder. 
Evaporate the second filtrate, acidified with hydrochloric acid, to a 
small volume, then mix the two fluids, and precipitate the magnesia 
with double )>hosphate of soda and ammoniaf as directed § 104, 2. 

If the quantity of ammonia salts ])resent is considerable, the estima- 
tion of the magnesia is rendered more accurate by evaporating the 
fluids, in a large platinum or ])orcelain dish to dryness, and igniting 
the residuary saline mass, in small portions at a time, in a smaller 
platinum dish, until the ammonia salts are expelled. The residue 
is then treated with hydrochloric acid and water, warmed, allowed 
to cool, and rendered just alkaline witli ammonia. If enough 

♦ Pogfr, Anna!. 110, 296. 

t This in pieferable to pbosphulo of aoda m a pieuipitant, see MoUB, Zeitsobr. f. 
aual. Cbem. 12, 1^6. 
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chloride of aiiimonium is present, no hydrate of mnpnesin will fell 
down, but occasionally small flocks of silica or alumina are to be 
seen. Filter them off and Anally precipitate with ammonia and 
double phosphate of soda and ammonia. If the precipitate produced 
by ammonia is at all considerable dissolve it in hydrochloric acid, 
evaporate tlie solution on a water-bath to dryness, treat the residue 
with hydrochloric acid and water, render alkaline \\ith ammonia, 
filter and add the filtrate to the principal solution. 

iSumerous experiments have convinced me that this method, 
which is so frequently employed, g‘ives accurate results only if the 
foregroinp* instructions are strictl}" complied with. It is only in 
cases where the quantity of magrnesia }>resent is relatively small, 
that a sinprle precipitation with oxalate of ammonia may be found 
sutticient (comp. Expt. JSo. 84*). 

b. In the case t)f lime and mag’nesia combined with phosphoric 37 
acid, dissolve in the least possible quantity of hydrochloric acid, 
add ammonia until a copious precipitate forms ; redissolve this by 
addition of acetic acid, and preci]utate the lime with an excess of 
oxalate of ammonia. To determine the map*nesia, precipitate the 
filtrate with ammonia and double phosjihate of soda and ammonia. 

As free acetic acid by no means prevents the ])recipitation of small 
quantities of oxalate of magnesia, the precipitate contains some 
magnesia, and, as oxalate of lime is not quite insoluble in acetic 
acid, the filtrate contains some lime ; tliese two sources of error 
compensate each other in some measure. In accurate analyses, 
however, these trifling* admixtures of mag-nesia and lime are 
afterwards separated from the weig-hed precipitates of carbonate of 
lime and pyrophosphate of magnesia respectively. 

7. Mithtfl based upon t?u' Insofubditp of Nitrate of Strontia in 
Aleohol mul Ether, 

Strontia from lime Strom ever). 

Digest the jierfectly dry nitrates in a closed flask with absolute 38 
alcohol, to which an equal volume of ether should be added (H. 
lfo>E). Filter off the undissolved nitrate of strontia in a covered 
funnel, wash with the mixture of alcohol and ether, dissolve in 
winter, and determine as sulphate of strontia (§ 1U*J, 1). Precijutate 
the lime from the filtrate by sulphuric acid. The results are satis- 
factory. 

8- Indirect Method, 

Strontia from Lime. 

Determine both bases first as carbonates, precipitating* them 39 
either with carbonate or with oxalate of ammonia (§§ 102, lOO) ; 
then estimate the amount of carbonic acid in them, and calculate 
the amount of strontia and of lime as direct'd in § 200. The de- 
termination of the carbonic acid may be effected by fusion with 
vitrified borax (§ 109, II., c), but the application of a moderate 

* Further experiment! will be found in Zeitachr. f. anal. Chero. 7, 810. Compare 
also WiTTHTEiN, Zeitschr. f. anal. Ctiern. 2, 818, and Cohha, lb, 8, 141. According to 
UaoBB, lb. 9, 254, the precipitate of oxalate of lime will be free from magneRia if 
altered off immediately ; however, 1 fear that a litile lime migiit in this case be left 
in solution. 
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white heat, such as is given by a good gas blowpipe without the use 
of a crucible jacket, is alone sufficient to drive out all the carbonic 
acid from both the carbonates (F. G. Schaffoothch*). I can 
strongly recommend this method. It is well to precipitate the 
carbonates hot, to press the precipitate cautiously down in the 
platinum crucible and turn over the agglomerated cake every now 
and then till, after repeated ignitions, the weight has become con- 
stant. The results are good, if neither of the bases is present in 
too minute quantity. 

The indirect separation may of course be effected by means of 40 
other salts, and can be used also for the determination of lime in 

PRESENCE OF BARYTA Or of BARYTA IN PRESENCE OF 8TRONTIA. 

In the expulsion of carbonic acid from carbonate of baryta vitrified 
borax must be used (§ 139, II., c). 


THIRD GROUP. 

ALUMINA — SESQUIOXIDE OF CHROMIUM. 

1. Separation of the Oxides of the Third Group 

FROM THE Alkalies. 

§155. 

1. From Ammonia. 

a. Salts of alumina and of ses(juioxide of chromium may be 41 
separated from salts of ammonia by ignition. However, in the case 
of alumina, this method is applicable only in the absence of 
chlorine (volatilization of chloriae of aluminum). The safest way, 
therefore, is to mix the compound with carbonate of soda before 
igniting. 

1). Determine the ammonia by one of the methods given in 42 
§ 99, 3, using solution of potassa or soda to effect the expulsion of 
the ammonia. The alumina and sesquioxide of chromium are then 
determined in the residue in the same way as in 43* 

2. From Potassa and Soda. 

a. Precipitate and determine the sesquioxide of chromium and 43 
alumina with ammonia as directed in § 105, a, and § 106, 1, a. The 
filtrate contains the alkalies, which are then freed from the salt of 
ammonia formed, by evaporation to dryness and ignition. In the 
presence of large quantities of alkali salts it is well to dissolve the 
moderately ignited precipitate in hydrochloric. acid, and repreci- 
pitate with ammonia. 

Alumina may be separated also from potassa and soda, by 44 
heating the nitrate (see 46 )* 


Pogg. Annal 118, 615. 
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II. Sepahatiok of thk Oxides of the Third Group 
FROM THE Alkaline Earths. 

§ 156 . 

Index : — The Nos. refer to those in the margin. 

Almmina from baryta, 45 — 50, and 51. 

„ stroDtin, 45 — 50, and 51. 

„ lime, 45—50, and 52, 53. 54. 

„ magnesia, 45 — 50, and 53, 54. 

Setquioxide of chromium from the alkaline earths, 55 — 58. 

a. Separation of Alumina from the Alkaline Earths. 

A. General Methods, 

The whole of the Alkaline Earths from Alumina. 

1 . Method hosed vpon the Precipitation of Alumina hy Ammonia^ 
and upon its Solution in Soda, 

Put the solution in a platinum dish or, ^^ith less advantafte, 45 
a porcelain dish. Let it be dilute and %Mirm. Add a tolerable 
Cjuantity of chloride of ammonium, if such be not already present, 
tlien very gradually, almost drop by drop (Wrinkle* **'), ammonia 
as free as jiossible from carbonic acid, in moderate excess, and boil 
till no more free ammonia is observaiile. Lender these circum- 
stances, a little magnesia, and also a small quantity of carbonate of 
lime, baryta, or strontia are at first precipitated along with the 
alumina ; on the boiling with chloride of ammonium, tlie copreci- 
jiitated alkaline earths redissolve, so that the alumina finally retains 
only an unweighable or scarcely weigliable trace of magnesia, dec. 
Allow to deposit, and jiroceed with the alumina determination 
according to § lOo, a. In very exact analysis it is well, after 
moderateh" washing the alumina precipitate, to redissolve it in 
hydrochloric acid, and reprecipitate with ammonia as above. In 
separations of alumina from lime or ^lagne^la this double preci- 
pitation is especially necessary in the presence of sulphates. After 
the alumina has been weighed fuse it for a long tune with bisul- 
phate of potassa, dissolve the fused mass in water, and determine 
any silicic acidf that may remain. The solution, when mixed with 
potassa in excess, wdll often not appear jierfectly clear, but will con- 
tain a few flocks of magnesia (perhaps also traces of carbonate of 
lime, baryta, or strontia). If tliere is any amount of the latter, 
filter it off, dissolve in nitric acid, precipitate wdtli ammonia, boil 
till the fluid ceases to smell of ammonia, filter, evaporate the small 
quantity of fluid in a platinum capsule, ignite, weigh the residual 
magnesia (which may contain traces of other alkaline earths), deduct 
it from the alumina, dissolve it in hydrochloric acid, and add to the 
original filtrate. In order to the further separation of the alkaline 
earths, acidify the fluid containing them with hydrochloric acid, 
evaporate (preferably in a platinum dish) to a small bulk, and while 
still warm add ammonia just in excess. A small precipitate of 

* Zeitschr. f. anal. Cbem. 10, 96» 

f A small quantity will always be found if you have boiled in a glass or porcelain 
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alumina is sometimes formed at this sta^e ; filter off, wash and 
weip^h with the principal precipitate. In tne filtrate determine the 
alkaline earths according: to § 1 54. 

Instead of precipitating* the alumina as directed you may add 
ammonia in moderate excess to the boiling; hot solution, boil for two 
minutes, acidify distinctly with acetic acid, heat again for a few 
minutes, add ammonia till very slightly alkaline, and then proceed 
as above.* 

2. Method hosed upm the unequal DecomposaMlity of the Nitrates 
at a Moderate Heat (DEViLLEf). 

To make this simple and convenient method applicable, the 46 
bases must be present as pure nitrates. Evaporate to dryness in a 
platinum dish, and heat gradually, with the cover on, in the sand- 
or air-bath — or, better still, on a thick iron disk, with two cavities, 
one for the platinum dish, the other, filled with brass turning's, for 
the thermometer (comp. § 81) — to from’JUO'' to 250°, until a glass 
rod moistened with ammonia ceases to indicate further evolution of 
nitric acid fumes. You may also, without risk, continue to heat 
until nitrous acid vapors form. The residue consists of alumina, 
nitrates of baryta, strontia, and lime, and nitrate and basic nitrate 
of magnesia. 

Moisten the mass with a concentrated solution of nitrate of 
ammonia, and heat gently, but do not evaporate to dryness. Repeat 
this oiieration until no further evolution of ammonia is perceptible. 
(The basic nitrate of magnesia, insoluble in water, dissolves in nitrate 
of ammonia, with evolution of ammonia, as neutral nitrate of 
magnesia.) Add water, and digest at a gentle heat. 

If the nitrate of ammonia has evolved only imperceptible 
traces of ammonia, pour hot water into the dish, stir, and add 
a drop of dilute ammonia ; this must cause no turbidity in the 
fluid ; should the fiuid become turbid, this proves that the 
heating of the nitrates has not been continued long enough ; 
in which case you must again evaporate the contents of the 
dish, and heat once more. 

The alumina remains undis&olved in the form of a dense granular 
substance. Decant after digestion, and wash with boiling water ; 
Ignite strongly in the same vessel in which the st^paration has been 
effected, and weigh. Test the weighed alumina according to 45« 
Separate the alkaline earths as directed § 154. 

In the same way alumina may be separated also from potassa 
and soda (44)* 

8. Method in which the jwocesses of 1 and 2 are ctmibined. 

Precipitate the alumina as in 45, wash in the same w’ay as there 47 
directed, then treat while still moist with nitric acid, and proceed 
according to 46 to remove the trilling amount of magnesia, ifcc., 
coprecipitated ; add the solution obtained to the principal solu- 
tion of the alkaline earths, and treat the fluid as directed in 45- 
This method may be employed also in the case of chlorides ; it will 
be sometimes found useful. 

* H»udb. der anal. Chem. v. H. Hobs, 6 Aufl. von Finkeher, ii. 647. 
t Jouro. f. prakt. CbtiOi. 1853, 60, 0. 
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4 . Mfth^ }m$ed ^ipm tht PreciinMim ^ Ahmm Acetate or 

Forminte of Soda apoa htdlioff. 

The same process as for the sej>anUion of sesquioxide of iron 48 
from the alkaline earths. The methoa is emjdoved more particularly 
when both alumina and sesquioxide of iron have to be separated 
from alkaline earths at the same time. The precipitation of the 
alumina is usually not quite thorouj^h, so that it will be necessary 
to separate the dissolved alumina from the filtrate (45)- 

5. Method based m the Preeipitathm of Alumina bp Succinate of 

Ammotiia, 

Proceed as for the precipitation of sesquioxide of iron by the 49 
same reagent (§ lo9) ; especially to be employed, when alumina and 
sesquioxide of iron are both to be se])arat.ed from alkaline earths at 
the same time. The filtrate must be tested according to 48 - 

6 . Metlvod based upon the Fort/mtim of a Soluble Alkaline Alumi-- 

note in the drp way. 

See § 161. 50 

B. Special Methods, 

Some of the Alkaline Earths from Alumina. 

1. Methods based ujmn the Precipitatnm of sortu' of the Salts of 

the Alkaline Earths, 

a . Baryta and Strontia from Alumina. 

Precipitate the baryta and strontia with sulphuric acid (§§ 101 and 51 
10*2), ana the alumina from the filtrate as directed § 105, a. This 
method is especially suited for the separation of baryta from alu- 
mina. In accurate analyses the sulphate of baryta must be purified 
according to 12 . 

b. Lime from Alumina. 

Add ammonia to the solution until a permanent precipitate forms, 52 
then acetic acid until this precipitate is redissolveci, then acetate of 
ammonia, and finally oxalate of ammonia in slight excess (§ 106, 2, 

: allow the precipitated oxalate of lime to deposit in the cold, 
then filter, and jirecipitate the alumina from the filtrate as directed 
§ 105, a. Compare § 161, 4, b, 

c . Maonesia and small quantities of Lime from 

Alumina. 

Mix with some tartaric acid, supersaturate with ammonia and 53 
from the clear fiiiid (in the presence of enough alumina no tartrate 
of lime is precipitated) [irocijiitate first the lime by oxalate of am- 
monia, then the magn(*sia by ilouble phosphate of soda and ammonia. 

If the alumina is to he determined in the filtrate, the latter must he 
evaporated with addition of carbonate of soda and nitre to dryness, 
the residue ignited, softened with water, dissolved in hydrochloric 
acid (not in the platinum dish), and the alumina precipitated by 
ammonia. The ammonio-phosphate of magnesia which may con- 
tain basic tartrate of magnesia is to be dissolved in hydrochloric 
acid, rej»recipitated with ammonia, with addition of some double 
])lio>]>hute of soda and ammonia, then dried, ignited, and weighed. 
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2. Method, based upon the Precipitation of Mamina by Carbonate 
of Baryta , 

Alumina from Magnesia and small quantities of 
Lime. 

Mix the slig’htly acid dilute fluid in a flask, with a moderate 54 
excess of carbonate of baryta shaken up with water ; cork the flask 
and let the mixture stand in the cold until the hydrated alumina 
has subsided, wash by decantation three times, filter, and then 
determine the alumina in the precipitate as directed 51 ; in the fil- 
trate, first y>recipitate the baryta by sulphuric acid ( 30 ), and then 
seyiarate the lime and magnesia according to § 154. 

h . Separation of Sesquioxide of Chromium from the 
Alkaline Earths. 

1. The best way to separate the whole of the alkaline 
EARTHS from sesquioxide of chromium at the same time is to con- 
vert the latter into chromic acid. This may be done in the dry or 
the wet way. 

a. Dry iruy. Mix tlie powdered substance with about 8 times 55 
its weight of a mixture of 2 parts of carbonate of soda and 1 part of 
nitre, and fuse in a jilatinum crucible. On treating the fused mass 
with hot water, the chromium dissolves as alkaline chromate (to be 
estimated according to § 130), while the alkaline earths remain 

in the residue as carbonates or in the caustic state (magnesia). If 
the residue is not perfectly white, extract the remainder of the 
chromic acid from it by boiling with solution of carbonate of soda. 

b. Wet )vny. Suitable for seyiarating chromium from baryta, 56 
strontia, and lime. 

a. early neutralize the acid fluid with carbonate of soda, add 
excess of acetate of soda, wanii and ])ass chlorine, adding carbonate 
of soda occasionally to keep the fluid nearly neutral. As soon as 
all the chromium is oxidized, ])reci]>itate with carlionate of soda by 
tlie aid of heat, and proceed for the rest according to 55 (Gibbs*). 
Bromine instead of chlorine may be used ; however, the oxidation 
is but tardily eflected b}" the mere addition of bromine water. 

fi, iSeutralize the solution with carbonate of soda, add hypo- 
chlorite of soda and heat, adding more hypochlorite if necessary till 
all the ses(|uioxide of chromium is converted. Add now more car- 
bonate of soda, heat, decant tlirough a filter, boil the residue again 
with carbonate of soda, and proceed according to 55. 

2 . Sesquioxide of chromium from baryta, strontia, 57 
AND LIME. To sejiarate baryta and strontia, precipitate the mode- 
rately acid, hot, dilute solution with sulphuric acid — in the presence 

of strontia, allow to cool and add alcohol — and when the precipitate 
has settled, filter. Sesouioxide of chromium cannot be separated 
by ammonia from the alkaline earths, since, even though carbonic 
acid be completely excluded, particles of the idkaline earths are 
thrown down with the sesquioxide of chromium. From solutions 
containing a salt of sesquioxide of chromium, lime cannot be preci- 
pitated comjiletely by oxalate of ammonia ; but it may be by sul- 
phuric acid and alcohol (§ 103, 1). 

*** ZeitRchr. f. anal. Cbem. S, 826. 
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3. Sesquioxide of chromium may also be separated from 58 
MAGNESIA and small quantities of lime by means ol carbonate of 
baryta. See 54. 

III. Separation of Sesquioxide of Chromium from 
Alumina.* 

§157. 

a. Fuse the oxides with 1? parts of nitrate of potassa and 4 parts 59 
of carbonate of soda in a platinum crucible, treat the fused mass 
with boiling water, rinse the contents of the crucible into a porce- 
lain dish or beaker^ add a somewhat large quantity of chlorate of 
potassa, supersaturate slightlv with bydrt)chloric acid, evaporate to 
the consistence of syrup, and add, during the latter process, some 
more chlorate of potassa in portions, to remove the free hydro- 
chloric acid. Dilute now with water, and separate the alumina and 
sesquioxide of chromium as directed § 130, II., c, a. If you omit 
the evaporation with hydrochloric acid and chlorate of jiotassa, 
part of the chromic will be reduced by the nitrous acid in the fluid, 
and sesquioxide of chromium will accordingly, upon addition of 
ammonia, precipitate with the alumina (DuxTEUt). 

b. Dissolve the oxides in hydrochloric acid, add soda or potassa 60 
solution in suflicient excess and saturate the clear green solution 
with chlorine gas. The sesquioxide of chromium will be converted 
into chromic acid, and the alumina jiartially separated. When the 
fluid has become of a pure yellow color, heat to remove the exce^s 

of chlorine, add carbonate of ammonia, and digest to destroy the 
bypochlorous acid and precipitate the still dissolved alumina, and 
pioceed according to § 13u, II., c, a (WohleiU). 

c. Nearly neutralize the acid solution with carbonate of soda, 61 
add acetate of soda in excess, jiass chlorine or add bromine and 
warm. The sesquioxide of chromium will readily be converted into 
chromic acid, especially if carbonate of soda is added every now 
and then to keep the fluid near!\ neutral. As soon as this is 
eflected proceed according to § 13U, II., c, a (Ginus§). 


FOURTH GROUP. 

OXIDE OF ZINC — PROTOXIDE OF MANGANESE — PROTOXIDE OF 
NICKEL — PROTOXIDE OF COBALT PROTOXIDE OF JRON SES- 

QUIOXIDE OF IRON — (sesquioxide OF URANIUM). 

« * 

1. Separation of the Oxides of the Fourth Group from 

THE Alkalies. 

§ 158. 

A. General Methods. 

1. All the Oxides (»f the Fourth Group from Ammonia. 
Proceed as for the separation of sesquioxide of chromium and 62 
alumina from ammonia, 4l. It must be borne in mind that the 

* The iiep»ratioD of atuniiim from titiiiic acid will be given under the Anaiyiia of 
BUicaieii. 

t Fogg. Annal. 89, 142. % Annal. d. Cheni. u. Pbarm. 106, 121. 

g ZeiUchr, f. anal. Cheui. a, 827. 
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oxides of the fourth f^oup comport themselves, upon ignition with 
chloride of ammonium, as follows : — Sesquioxide of iron is partly 
volatilized as sesquichloride ; the oxides of manganese are converted 
into protochloride of manganese containing protoxide with volatiliza- 
tion of some protochloride ;* * * § the oxides of nickel and cobalt are 
reduced to the metallic state, no chloride being lost by volatiliza- 
tion ;t oxide of zinc volatilizes, as chloride. It is, therefore, 
generall}' the safest way to add carbonate of soda. The ammonia 
is determined in a separate portion. 

2. All Oxides of the Fourth Group from Potassa and 
Soda. 

Mix the solution in a flask with chloride of ammonium if 63 
necessary, add ammonia till neutral or slightly alkaline, then 
yellow siiljiliide of ammonium saturated with sulphuretted hydro- 
gen, All the flask nearly to the top with water, cork it, allow the 
precipitated sul])liides to subside, and then Alter them otf from the 
fluid containing the alkalies. In performing tliis process the pre- 
cautionary rulf‘S given under the heads of the several metals in 
question (§§ 10}^ — lid) must be borne in mind. I (If notwithstand- 
ing, the Altrate is brownish, aciddy it with acetic acid, pass sul- 
])liurett(‘d hydrogen, boil and Alter off the small quantity of the 
sulphide of nickel which then sejiarates.) Acidify the Altrate with 
hydrochloric acid, evaporate. Alter ofl‘ the sulphur, if necessary, 
continue the evaporation to dryness, ignite tlie residue to remove 
the ammonia salts, and determine the alkalies by the methods 
given § lo2. 

B. Sprchd 

1. Oxide OF Zinc from Potassa and Soda, by proripitat- 64 
mg th(‘ zinc from the solution of the acetates with sul- 
phurettiHi hydrogen (see 87 )- 

2. Protoxide of Nickel and Protoxide of Cobalt 
FROM THE Ai.kalies, by igniting the chlorides in a stream 
of hydrogen and treating the residue with water. By preci- 
pitating the alkalies as silicoAinwidcs (§97,0, Stolba§); 
less buitahle for soda than potassa. 

3. Sesquioxide. OF Iron from Potassa and Soda, by pre- 
cipitating the s(‘squioxide of iron with ammonia; or by 
heating the nitrates (see 45 and 46)- 

4. Protoxide of Manoanese from the Alkalies. Mix 65 
the neutral or sliglitly acid solution with chloride of am- 
monium and precipitate the manganese with a slight excess 

of carbonate of ammonia. Allow the precipitate to settle in 
a warm place. Alter through a thick Alter, wash with hot 
water and wedgh as nrotosesijuioxide (H. Tamm||). In the 
Altrate separate the alkalies from the ammonia salts by gentle 
ignition. The sejiaration of manganese as hydrated per- 

* ZeitRchr. f. anal. Chem. 11, 424. f Ih. 12, 73. 

Manganese may be separated from the alkalies aocordinc: t<» 109, 2, b. Nickel 

and cobalt may be separated from the alkalies according to 66» substituting acetate of 
ammonia for acetate of soda. 

§ Zeitsohr. f. anal. Obem. 9, 100. ii Ib. 11, 425. 
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oxide cannot be recommended as the precipitate retains 
alkaU.* 

II. Separation of the Oxides of the Fourth Group 
FROM THE Alkaline Earths. 

§ 109. 

Index : — The Nos. refer to those in the margin. 

Oxide of zinc from baryta and strontia, 66, 67, 68, 73. 

„ lime, 66, 68, 73. 

,, magnesia, 66, 68. 

Protoxide of manganese from baryta and strontia, 66, 67, 70, 71, 72. 

,, ,, lime and magnesia, 66, 70j 71, 72. 

Protoxides of nickel and cohaXt from baryta and strontia, 66, 67, 73, 75. 

„ „ lime, 66, 73, 76. 

,, ,, magnesia, 66, 74. 

Sesquioxide of iron from baryta and strontia, 66, 67, 69. 

„ ,, lime and magnesia, 66, 69. 

A. General Method. 

All Oxides of the Fourth Group from the Alkaline 
Earths. 

Add chloride of ammonium, and, if acid, also ammonia, and 66 
j)recipitate with suh>hide of ammoiiiiim, as in 63* Take care to use 
slightly yellow sulphide of ammonium, perfectly saturated with 
sulphuretted hydrogen, and free from carbonate and sulphate of 
ammonia, and to employ it in sufficient excess. Insert the cork, 
and let the flask stand for some time to allow the preci])itate to 
subside, then wash cpiickly, and as far as practicable, out of the 
contact of air, with water to which some sulphide of mnmonium has 
been added. Acidify the filtrate with hydrochloric acid, heat, filter 
from the sulphur, and sejiarate the alkaline earths, as directed 
§ 154. If the filtrate is brownish from a little dissolved sulphide 
of nickel, acidify it with acetic acid instead of with hydrochloric 
acid, add some alkaline acetate, pass suljihuretted hydrogen, boil, 
and filter. 

If the quantity of the alkaline earths is rather considerable, it 
is advisable to treat the slightly washed precipitate once more with 
hydrochloric acid (in presence of nickel or cobalt, it is not neces- 
sary to effect comj)lete solution), heat the solution gently for some 
time, and then reprecipitate in the same way. If we have merely 
to effect the removal of nickel and cobalt, we may also, after ad- 
dition of sul})hide of ammonium, acidify with acetic acid, add acetate 
of soda, warm, pass sulphuretted hydrogen and hlter ; but it is 
always necessary to test the filtrate with sulphide of ammonium for 
nickel and cobalt. (Comj)are 90 - ) 

In separating manganese you may also use the method given 
§ 1 09, 2, but in this case, too, a double precipitation is to be 
recommended. 

B. Special Methods. 

1. Baryta, Strontia, and Lime, from the whole of 67 
THE Oxides of the Fourth Group. 

Precipitate the baryta and strontia from the slightly acid 
solution with sulphuric acid (§§ 101, 102). The sulphate of 

* Zeitflchr. f. anal. Chem. 11, 298. 
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baryta should first be washed with water acidified with 
hydrochloric acid, but even then you cannot be sure of ** 
getting* it free from iron. The alkaline earthy sulphates 
after weighing must therefore always be tested for iron, &c. 

2. Oxide of Zinc from the Alkaline Earths. 68 

a. Convert the bases into acetates and precipitate the zinc 
from the solution according to § 108, 1, &. 

b. Evaporate the solution of the chlorides with excess of chlo- 
ride of ammonium, ignite the residue, and if necessary repeat 
the operation. The zinc is expelled as chloride, the alkaline 
earths remain behind. 

3. Sesquioxide of Iron from the Alkaline Earths. 69 

fl. Mix the somewhat acid solution with enough chloride of 

ammonium, boil, add slight excess of ammonia, boil till the 
excess of the latter is nearly expelled, and filter. The solu- 
tion is free from iron, the precipitate is free from lime, baryta, 
and strontia, but contains a very slight trace of magnesia 
(H. Rose*). In delicate analyses, after moderately washing 
the hydrated oxide of iron, redissolve it in hydrochloric acid, 
and rej)eat the jirecipitation. 

b. Precipitate the sesquioxide of iron as basic acetate or for- 
miate, compare 84 and 85- The method is good, and can 
frequently be employed. 

c. Precipitate the sesquioxide of iron with succinate of am- 
monia (86)* § ** 

d. Decompose the nitrates by heat (46)* A good method.f 

e. Precipitate the dilute slightly acid solution witli carbonate 
of baryta, and filter, after short digestion in the cold (54)« 
Only applicable in the separation of sesquioxide of iron from 
lime and magnesia. 

4. Protoxide of Manganese from the Alkaline 
Earths. 

a, Methodjs based vpon the separatum of Manganese as Sesguioxide or 
Binoxid^. 

a. The methods (described in the last edition) of Gibbs.J Schiel,§ 70 
H. Rose, II and others, in which the manganese is thrown down as 
hydrated peroxide by peroxide of lead, by adding acetate of soda 
and passing chlorine, or by bromine, cannot be relied on, since 
decided traces of the alkaline earths are always coprecipitated witli 
the manganese. Compare also R. FinkenerIF, whose experience is 
the same. According to Gibbs** the error may be decreased by 
double precipitation. But as the precipitate usually contains alkali, ft 
and is therefore unfit to weigh after simple ignition, these methods 
are rarely worth using. 

)3. Devillk’s Method.tl — The bases must be present as nitrates. 71 

* Pogg. Annal. 100, 300. 

+ Compare Latschinow, Zeitschr. f. anal Chem. 7, 213. 

t Anual. d. Chem. u. Pharm. 86, 54. 

§ Sillim. Joum. 16, 276. |{ Pogg. Annal 110, 305. 

^ Handbuch d. anal. Chem. v. H. Rosr, 6 Aufl. v. Finkevek, 2, 925. 

** Zeitschr. f. anal Chem. 3, 331. ft Jb. 11, 298. 
it:!: Jouru. f. prakt Chem. 60, 11. 
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Heat in a covered platinnm dish to from 200® to 260®, until the 
formation of fumes has completely ceased, and the mass has become 
black ; and proceed in all other respects as directed in 46 * The 
presence of a small quantity of organic matter, or the action of a 
too intense heat, may cause the reduction of traces of binoxide of 
manganese, and their solution in nitrate of ammonia ; hence the 
solution must always be tested for manganese. The precipitate is, 

I find, never perfectly free from alkaline earths. 

If. Methods Jmsed upon the Volumetric determination of Manganese j 
according to Bunsen and Krieger.* 

a. Manganese from Magnesia. 72 

Precipitate with solution of soda (§ 109, 1, J). Wash the pre- 
cipitate tnoroughly, ignite, and woig’h. If the quantity of magnesia 
present is sufficient, the residue has the formula, 

Mn„Og,MgO + :rMgO. 

Treat a weighed sample of it as directed in § 142 ; this will give 
the quantity of the manganese (1 eq. clilorine, or liberated iodine, 
corresponds to 1 eq. Mn^Oj), and, by difference, the quantity of the 
magnesia. 

Prom Baryta and Strontia. 

Precipitate with carbonate of soda (§ 109, 1, d). The ignited 
precipitate has the formula, 

MngO^jBaO + ;rBaO,C02. 

Treat a sample as in a ; this will give the quantity of the manganese. 

To find that of the carbonate of baryta, deduct the weight of the 
sesquioxide of manganese from that of the weighed precijntate, and 
add to the difference as much carbonic acid as has been ex})elled by 
the sesquioxide of manganese, that is, for each eq. Mn^Oj, 1 eq. CO^. 

y. From Lime. 

Proceed as in but after igrdtion, moisten repeatedly with 
carbonate of ammonia, dry, and ignite gently, until the weight 
remains constant. Here, however, it is better to ignite the pre- 
ci]>itate over the blast gas-lamp until the lime has become caustic. 

JV.B. — ^This method of volumetric determination of manganese 
presupposes the presence of more than 1 eq. MgO, CaO, &c., to 
1 eq. Mn.^0, ; for if the case is different, the residue contains, 
besides Mn^Og, also MnjjOg.MnO. To adapt the method also to 
cases of the latter description, Krieger recommends the following 
process : dissolve a sample of the weighed precipitate, add half the 
weight of oxide of zinc, precipitate with carbonate of soda, ignite 
the precipitate some time in trie air, weigh the product, and use it 
or an aliquot part of it, for the volumetric determination. It contains 
the whole of the manganese as Mn^Og. As will be seen, this modi- 
fication greatly complicates the method. In precipitating manganese 
wdth Booa or carbonate of soda remember tne precautions given in 
§ 109, 1, a and hy and that the precipitate must be exhausted with 
boiling water after ignition to free it from alkali. 

* Annal d. Chem. u. Pbarm. 87, 268. 


t Ih. 43, 140. 
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5. Protoxide of Cobalt, Protoxide of Nickel, and 

Oxide of Zinc, from Baryta, Strontia, and Lime. 

Mix with carbonate of soda in excess, add cyanide of potassium, 73 
heat very gently, until the precipitated carbonates of cobalt, nickel, 
and zinc are rechssolved ; then filter the alkaline earthy carbonates 
from the solution of the cyanides in cyanide of potassium. The 
former are dissolved in dilute hydrochloric acid, and separated 
according to § 154; the latter are separated according to § 160 
(Haidlen and Fresenius*). 

6. Protoxide of Cobalt and Protoxide of Nickel from 

Magnesia. 

Precipitate with a mixture of solution of hypochlorite of potassa 74 
and solution of caustic potassa. The precipitate consists of sesqui- 
oxide of nickel, sesquioxide of cobalt, ana hydrate of magnesia; 
wash thoroughly, and digest, whilst still moist, at a temperature of 
from 30° to 40^^, with an excess of solution of chloride of mercury. 

In this process a double salt is formed of MgCl + 3HgCl, and the 
magnesia is dissolved, whilst a corresponding quantity of basic 
chloride of mercury })recipitates (Ullgren|). Evaporate the solu- 
tion and washings, with addition of pure oxide of mercury, and 
determine the magnesia as directed § 104, 3, b. Remove the mercury 
from the oxides of nickel and cobalt by ignition, and separate the 
two metals as directed below. 

7. Protoxide of Cobalt and Protoxide of Nickel from 

Baryta, Strontia, and Lime. 

Ignite the chlorides of the metals in hydrogen gas, and separate 75 
the reduced nickel and cobalt from the chloride of barium, &c., by 
treating with water. 

III. Separation op the Oxides of the Fourth Group 

FROM THOSE OF THE ThIRD, AND FROM EACH OTHER. 

§ 100 . 

Index : — The Nos. refer to those in the margin. 

Almiina from oxide of zinc, 76, 77, 85, 86, 87, 97. 

„ protoxide of manganese, 76, 77, 78, 86, 86, 108. 

,, protoxides of nickel and cobalt, 76, 77, 80, 86, 86, 97. 

„ protoxide of iron, 76, 77, 78, 86. 

,, sesquioxide of iron, 77, 78, 84, 91, 92, 104. 

Sesgutoxtde of chromium from oxide of zinc, protoxides of manganese, nickel, 

cobalt and iron, 76, 77, 93, 94. 

,, sesquioxide of iron, 77, 91, 93, 94. 

Oxide of zinc from alumina, 76, 77, 86, 86, 87, 97. 

„ sesquioxide of chromium, 76, 77, 93, 94, 

„ protoxide of manganese, 81, 87, 88, 109. 

„ protoxide of nickel, 88, 100, 101, 102. 

„ protoxide of cobalt, 88, 96, 99, 101, 102. 

,, sesquioxide of iron, 76, 82, 85, 86, 103, 106. 

Protoxide of manganese from alumini^ 76, 77, 78, 85, 86, 108. 

„ sesquioxide of chromium, 76, 77, 93, 94. 

„ oxide pf zinc, 81, 87, 88, 109. 

,, protoxide of nickel, 81, 89, 90, 101. 

„ protoxide of cobalt, 89, 90, 96, 101. 

,, sesquioxide of iron, 76, 82, 86, 86, 108. 

» Annal. d. Chem. n. Pharm. 43, 140. t Bebzblivb* Jahresber. 21, 146. 

QUANT. VOL. I. F F 
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Protoxide of nickel from alumina, 76, 77, 80, 85, 86, 97. 

„ sesquioxide of ohromium, 76, 77, 93, 94. 

,, oziae of zinc, 88, 100, 101, 102. 

,, protoxide of manganese, 81, 89, 90, 101. 

,, protoxide of oobsdt, 95, 96, 98, 110. 

„ sesqtiioxide of iron, 76, 80, 82, 85, 86, 89, 106. 

Protoxide of cobalt from alumina, 76, 77, 80, 85, 86, 97. 

,, sesquioxide of chromium, 76, 77, 98, 94. 

„ oxide of zinc, 88, 96, 09, 101, 102. 

„ protoxide of manganese, 89, 90, 96, 101. 

„ protoxide of nickel, 95, 96, 98, 110. 

„ sesquioxide of iron, 76, 80, 82, 85, 86, 89, 106. 

Protoxide of iron from alumina, 76, 77, 78, 85. 

,, sesquioxide of chromium, 76, 77, 98, 94. 

„ sesquioxide of iron, 76, 83, 85, 105, 107, 111. 

Sesquioxide of iron from alumina, 77, 78, 84, 91, 92, 104. 

„ sesquioxide of chromium, 77, 91, 93, 94. 

,, oxide of zinc, 76, 82, 85, 86, 103, 106. 

,, protoxide of manganese, 76, 82, 85, 86, 108. 

,, protoxide of nickel, 76, 80, 82, 85, 86, 89, 106. 

„ protoxide of cobalt, 76, 80, 82, 85, 86, 89, 106. 

„ protoxide of iron, 76, 83, 85, 105, 107, 111. 

A. General Methods. 

1. Method hosed upon the Precipitation of some Oxides hy Carbonate 
of Baryta, 

Sesquioxide of Iron, Alumina, and Sesquioxide of 
Chromium, from all other Bases of the Fourth Group. 

Mix the sufficientljr dilute solution of the chlorides or nitrates, 76 
but not sulphates, which must contain a little free acid,* in a flask, 
with a moderate excess of carbonate of baryta diflused in water ; 
cork, and allow to stand some time in the cold, with occasional 
shaking-. The sesemioxide of iron, alumina, and sesquioxide of 
chromium, are completely separated, t whilst the other bases remain 
in solution, with the exception perhaps of traces of protoxide of 
cobalt and protoxide of nickel, wnich Avill generally fall down with 
the precipitated oxides. This may be jirevented, at least as regards 
nickel, by addition of cliloride of ammonium to the fluid to be pre- 
cipitated (ScHWARZENBERGt). Decant, stir up witli cold water, 
allow to deposit, decant again, filter, and wash with cold water. 
The precipitate contains, besides the precipitated oxides, carbonate 
of ba^a ; and the filtrate, besides the non-precipitated oxides, a 
salt of baryta. 

If protoxide of iron is present, and it is wished to separate it by 
this method from sesquioxide of iron, &c., the air must be excluded 
during the whole of the operation, a is a flask in which the sub- 
stance is dissolved, and the operations of precipitation and washing 
by decantation are effected. Carbonic acid enters through 5, and in 
making the CO^ apparatus it must be remembered that we have to 
depend on the pressure of the gas for filling d. The water in the 
bottle on the shelf to be used for washing ^ould have been boiled 
and cooled in a current of carbonic acid. The glass tubes fitting 

* If there is much free acid, the greater part of it must first be saturated with 
carbonate of soda. 

t The separation of the sesquioxide of chromium requires the most time. 
t Annal d. Chem. u. Fharm. 97, 216. 
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in a should be smeared with tallow. In washing, the supernatant 
fluid, as clear as possible, is made to pass through the asbestos filter 



Fig. 104. 


c. If <5 is placed sufficiently below a, d, when once filled, will act as 
a s 3 rphon. 

2 , Method hosed upon the precipitation of the Oxides of the Fourth 
Group hy Sulphide of Sodium^ or Sulphide of Ammonium^ frmn 
Alkaline Solution efj^ected with the aid of Tartaric Acid. 

Alumina and Sesquioxide of Chromium from the 
Oxides of the Fourth Group. 

Mix the solution with pure neutral tartrate of potash,* then with 77 

* Tartaric aold often oontains alumina, therefore this is best made from the bitar- 
trabe. 


F F 2 
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pure solution of soda or potassa until the fluid has cleared again 
add sulphide of sodium as long as a precipitate forms, allow it to 
deposit until the supernatant fluid no longer exhibits a greenish or 
brownish tint ; decant, stir the precipitate up with water containing 
sulphide of sodium, decant again, transfer the precipitate, which 
contains all the metals of the fourth group, to a filter, wash with 
water containing suljdiiile of sodium, and separate the metals as 
directed in B. Add to the filtrate nitrate of notassa, and evaporate 
to dryness ; fuse the residue in a platinum dish, and separate the 
alumina from the chromic acid formed as directed § 157. If you 
have merely to separate alumina from the oxides of the fourth group, 
it is better, after addition of tartrate of potash, to supersaturate with 
ammonia, add chloride of ammonium, and precipitate in a flask with 
sulphide of ammonium. When the precipitate has settled it is filtered 
off and washed with water containing sul}>hide of ammonium. The 
filtrate is evaporated in a platinum dish with carbonate of soda and 
nitrate of potassa to dryness, fused, and the alumina detei*mined in 
the residue. 

B. Special Methods, 

1 . Methods based upon the Solubility of Alumina in Caustic 
Alhalu‘s, 

a. Alumina from Protoxide and Sesquioxide of Iron, 78 
AND Small Quantities of Protoxide of Manganese (but 
not from the protoxides of nickel and cobalt). 

Mix the hydrochloric solution with carbonate of soda or pure 
potash till the greater part of the free acid is neutralized, and iiour 
the solution gradually into excess of pure potash heated nearly to 
lioiling in a platinum or silver disli, stirring all the while. Porcelain 
does not answer so well, and glass shoula on no account be used. 

The iron, if present as sesquichloride, sejiarates as bydiated sesqui- 
oxide, while the alumina remains in solution as alkaline aluminate. 

The hydrated protosesquioxide of iron is more easy to wash than 
the sesquioxide, hence when much iron is present it is better to 
reduce a part by cautiously adding suljiliite of soda and heating, 
so that when tlie solution is added to the boiling potash a black 
granular precipitate may be formed. The iron precipitate is sure to 
contain alkali, and must be dissolved in hydrochloric acid, the solu- 
tion boiled with nitric acid if necessary, and reprecipitated with 
ammonia. 

To the alkaline filtrate add a few drops of hydrochloric acid. If 
the potash was jiresent in sufficient excess the precipitate will re- 
dissolve readily on stirring. Continue adding hydrochloric acid till 
in excess, boil with a little chlorate of potash (to destroy traces of 
organic matter), concentrate by evaporation, and throw down the 
alumina according to § 105, a. The above is the best method of 
procedure, but it is always to be feared that small quantities of 
alumina will be retained by the iron precipitate. 

h Alumina from Sesquioxide of Iron and Protoxides 
OF Iron, Cobalt, and IVickel. 

Fuse the oxides witli hydrate of potassa in a silver crucible, boil 79 

* Sesquioxide of chrontium arid oxide of zinc cannot be obtained together in alka- 
line solution (Chancel, Compt tend. 43, 927 ; Journ. f. prakt Chem. 70, 378). 
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the mass with water, and filter the alkaline fluid, which contains . 
the alumina, from the oxides, which are free from alumina, but con- 
tain potassa (H. Rose). 

2. Methods hosed on the 'different behavior of the Oxides to 

monia or Carbonate of Ammonia in the •presence of Chloride of 
AmTnmium, 

a. Alumina and Sesquioxide of Iron from Protoxides 
OF Cobalt and Nickel. 

Sesquioxide of iron may be completely separated from these prot- 80 
oxides, Dv mixing the hot solution with chloride of ammonium, and 
then with excess of ammonia, dic’esting’ for several hours, washing 
the precipitate, redissolving* * * § in hydrochloric acid, reprecipitatin^ with 
ammonia, and repeating the operation a third time. Nickel and 
cobalt are to be precipitated from the filtrate by addition of sulphide 
of ammonium, and subsequent neutralization with acetic acid. 

If it is desired to remove the chloride of ammonium previously, 
this may be done by evaporating to dryness and heating the residue 
in a porcelain dish or crucible.* 

In separating sesquioxide of iron and alumina from protoxides 
of nickel and cobalt, it is well to substitute carbonate of ammonia 
for ammonia, so as to insure the complete precipitation of the 
alumina. 

b. Protoxide of Manganese from Protoxide of Nickel 81 
AND Oxide of Zinc. 

The solution should be slightly acid and contain chloride of 
ammonium. Precijntate the manganese as white carbonate with 
carbonate of ammonia, allow to settle in a warm place, filter through 
a thick paper, if necessary double, wash with hot water, dry the 
precipitate and convert it into protosesquioxide by ignition with 
access of air. This excellent method was proposed by TAMM,t and 
has given me good results.! It is not adapted to the separation of 
cobalt from manganese, as the former is partly precipitated with the 
latter. 


3. Methods based upon, the different deportment of •neutralized Solu- 
turns at boiling heat. 

a. Sesquioxide of Iron from Protoxides of Manga- 82 
nese, Nickel and Cobalt, Oxide of Zinc, and other 
strong Bases, after Herschel,§ SchwarzenberqH and my 
OWN Experiments. 

Mix the dilute solution largely with chloride of ammonium (at 
least 20 of NH^Cl to 1 of MnO,"NiO, &c.), add carbonate of am- 
monia in small quantities, at last drop by drop and in very dilute 
solution, as long as the precipitated iron redissolves, which takes 
place promptly at first, but more slowly towards the end. As soon 

* Platinum vessels may not be used, as they become spotted with nickel-platinum 
and are difficult to clean. This method, which I recommended in the last edition in the 
presence of small quantities of iron, has been found by v. Baumhadeb (Zeitschr. f. 

anal Cbem. 10, 218), to be very snitable in the presence of large quai.tities. 

f Cbem. Mews, 26, 87. X Zeitschr. f, anaL Chem. 11, 425. 

§ AnnaL ^ Chim. et de Pbya 49, 806. )) AnnaL d. Cbem. u. Fharm. 97, 216. 
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as the fluid has lost its transparency^ without showing:, however, the 
least trace of a distinct precipitate in it, and fails to recover its 
clearness after standing* some time in the cold, but, on the contrary, 
becomes rather more turbid than otherwise, the reaction may be 
considered completed. When this point has been attained, heat 
slowly to boiling, and keep in ebullition for a short time after the 
carbonic acid has been entirely expelled. The sesquioxide of iron 
separates as a basic salt, which rapidly settles, if the solution was 
not too concentrated. Pour off the hot fluid through a filter and 
wash by decantation combined with filtration with boiling water con- 
taining a little chloride of ammonium. It is well to redissolve the pre- 
cipitate in hydrochloric acid, and throw down the iron with ammonia. 

The first filtrate should be mixed with excess of ammonia. If a 
small portion of hydrated sesquioxide of iron is throw^n down here, 
filter it off, dissolve in hydrochloric acid, precipitate with ammonia 
and thus free the small quantity of iron entirely from the strong 
bases ; if, on the other hand, a larger quantity of iron is thrown down, 
this is a sign that the operation has been conducted improperly, 
and the byarochloric solution of the precipitate must be reprecipi- 
tated as above. The fluid should not contain more than 3 or 4 grm. 
sesquioxide of iron in the litre, and should be tolerably free from 
sulphuric acid, as when this is present it is impossible to hit the 
exact point of saturation. 

b. Sesquioxide of Iron from the Protoxide. 

In compounds w^hich dissolve with difficulty in hydrochloric acid, 83 
but are decomposed by moderately concentrated sulphuric acid at a 
temperature below* 3v6°,* ScHEERERt separates sesquioxide from 
protoxide of iron by dissolving in an atmosphere of carbonic acid 
(which is to be kept up during the entire experiment), diluting with 
pieces of ice free from air, adding carbonate of ammonia until the 
acid is nearly neutralized, then finely powdered magnesite (but not 
the artificial carbonate), and boiling from 10 to 15 minutes. The 
whole of the sesquioxide if iron is precipitated by this process. The 
precipitate is washed as in 76» with water which, after being mixed 
with some sulphate of ammonia, has been boiled free from air and 
allowed to cool out of contact of air. v. KobellJ prefers, as dis- 
solving agent, a mixture of 1 vol. concentrated sulphuric acid, 

2 vols. water, and 1 vol. strong hydrochloric acid. The solution 
may generally be effected with ease, without any oxidation of the 
protoxide of iron, by heating with hydrochloric acid or a mixture 
of 4 parts concentrated sulphuric acid and 1 part water in sealed 
tubes, at 210° (Mitscherlich§). Silicates are also very conve- 
niently dissolved with hydrofluoric and hydrochloric acids, or hydro- 
fluoric and dilute sulpWric acids. The silicate and its solvent 
being in a platinum dish on a water-bath, in order to prevent access 
of air place on the bath a cylinder of plaster of Paris with a cover. 
The cylinder may be readily made in the laboratory. It should 
have a hole bored in its side, through which carbonic acid should 
be passed during the operation, care being taken to fill the cylinder 

* Upon boiling, protoxide of iron is oxidized, the ■ulphnrio acid being reduced to 
sulphurous acid <v. Kobbll, Annal. d. Ghem. u. Fharm. 90, 244). 

t Pogg. AnnaL 86, 91, and 93, 448. X Annal. d. Ghem. u. Pharm. 90, 244. 

g Zeitschr. f. anal. Ghem. 1, 54. 
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with the gtw before commencing’. Similar methods and apparatus , 
have been described bv Wert her/ J. P. Cooke/ and Wilbur 
and Whittlesey.! The hydrofluoric acid should be free from 
sulphuric and sulphurous acids. 

c. Sesquioxide of Iron from Alumina. 84 

The metals may be present as chlorides or sulphates. Mix the 
dilute solution if necessary with carbonate of soda to neutralize 
any large excess of free acid, then add hyposulphite of soda till all 
the sesquisalt of iron is reduced to protosalt, now add more hypo- 
sulphite and boil for some time till all odor of sulphurous acid has 
entirely disappeared. The alumina is precipitated in accordance 
witli the following reaction : Al.p„ 3 SOj + 3(Na0,S203) + 3 HO = 

+ 3(JVa0,S03) + 3SO2 + Sg. Filter, wash the precipitate 
well and ignite. Decompose the excess of hyposulphite of soda in 
the filtrate by heating with hydrochloric acid, filter oflP the separated 
sulphur, and determine the iron (Chancel§). 

4 . Method based on the behavior of the Acetates at a boiling heat, 

Sesquioxide of Iron and Alumina from Protoxide of 85 
Manganese, Oxide of Zinc and Protoxides of Cobalt, 
WioKEL, AND Iron. 

The metals should be present in the form of chlorides. The 
solution should be in a flask. If much free acid is present first 
nearly neutralize with carbonate of soda or of ammonia 5 the solu- 
tion should remain clear, but if there is much sesquichloride of iron 
it should be of a deep red color. Add a concentrated solution of 
neutral acetate of soda or of ammonia, not in large excess, and boil 
for a short time — long continued boiling would make the precipitate 
slimy. When the lamp is removed the precipitate should settle 
rapidly, leaving the sujiernatant fluid clear. Wash the precipitate 
immediately by decantation and filtration with boiling water con- 
taining a little acetate of soda or ammonia. In very particular 
analyses it would be well after washing the precipitate a little to 
redissolve it in hydrochloric acid and reprecipitate. 

In separating sesquioxide of iron from the protoxide Reichardt|| 
recommends a slight addition of chloride of ammonium or of sodium 
to prevent oxidation of the protoxide. 

The precipitate of basic acetate of sesquioxide of iron or basic ace- 
tate of alumina is best dissolved in hydrochloric acid, in order to pre- 
cipitate the bases from this solution ag-ain by ammonia. This method 
is more suitable to the separation of sesquioxide of iron or of sesqui- 
oxide of iron and alumina from the strong bases than to the separa- 
tion of alumina alone. It is a good method, and is very generally 
used. 

Instead of the alkaline acetates, the corresponding formates may 
be employed with the best result (§ 81 ,/). 

* Joum. f. prakt. Chem. 91, 829. 
f Zeitschr. f. anal. Chem. 7, 99. t Tb. 10, 98. 

§ Compt rend. 46, 987. Compare also Webtueb, Journ. f prakt Chem. 91, 329, 
aad Gibbs, Zeitschr. f. aual. Chem. 8, 891. This Diethod has been so frequently 
recommended, that I have thought it necessary to give it I must add, however, 

1 have not found it perfectly trustworthy. 

II Zeitschr. f. anal. Chem. 5, 64. 
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5 . Method hosed m the different hehofdor of the Snoeinatee. 

Sesquioxide of Iron (and Alumina) from Oxide of 86 
Zinc, and Protoxides of Manganese, Nickel, and Cobalt. 

The solution should contain no considerable quantity of sul- 
phuric acid. If acid, as is usually the case, add ammonia till the 
color is reddish-brown, then acetate of soda, or of ammonia (H. 
K<»sr) till the color is deep red, hnally precijntate with neutral 
alkaline succinate at a g^entle heat, and when cool filter the suc- 
cinate of sesquioxide of iron from the solution which contains the 
rest of the metals. Wash the precipitate first with cold water, then 
with warm ammonia, which removes the g*reater part of the acid, 
leaving* it darker in color. Dry and ignite, moisten with a little 
nitric acid, and ignite ag-ain. With proper care the separation is 
complete, and especially to be recommended when a relatively large 
quantity of iron is present. The method may also be used in the 
}»resence of alumina. The latter falls down completely with the 
non (E. Mitscherlich, Pagels*). 

6 . Methods based upon the different deportment of the several Sul- 

phides with Acids, or of tJie Acetic Acid Solutions with Sul- 
phuretted Hydrogen. 

a. Oxide of Zinc from Alumina and Protoxide of 
Manganese. 

The solution of the acetates, which must be free from inorganic 87 
acids, and must contain a sufficient excess of acetic acid, is pre- 
cij>itated with sulj)liuretted hydrogen, which throws down the zinc 
only (§ 108, h). 'i'he oxides are usually most readily obtained in 
acetic acid solution, by converting them into sulphates, and adding 
a sufficient quantity of acetate of baryta. Sulphuretted hydrogen is 
then conducted, without ajiplication of heat, into the unfiltered fluid, 
to which, if necessary, some more acetic acid has been added. The 
preci])itate, which consists of a mixture of sulphide of zinc and sul- 
]>hate of baryta, is washed with water containing sulj)huretted hy- 
drogen. It IS then heated with dilute hydrochloric acid, the solution 
filtered, and the zinc in the filtrate determined as directed § 108, a. 
The other oxides are determined in the fluid filtered from the 
sulpliide of zinc, after removal of the baryta by j)reci])itation. 
pRUNNERf has proposed a modification of this process, especially 
for the separation of zinc from nickel. 

y . Oxide of Zinc from Protoxides of Nickel, Cobalt, 88 
AND Manganese. 

To the hydrochloric solution add carbonate of soda till a 
permanent precijiitate just forms, and then a droj) or two of hydro- 
chloric acid to redissolve the precipitate. Now pass sulphuretted 
hydrogen till the precipitate or sulphide of zinc ceases to increase. 
Add a few drops of a very dilute solution of acetate of soda, and 
continue passing the gas for some time. When all the zinc is pre- 
cipitated, allow to stand for 12 hours, filter, wash with sulphuretted 
hv rogen water, and estimate the nickel and cobalt in the filtrate 
(&MITH and BRUNNERf). A good method ; compare Klaye and 

* Jahreiiber. v. Kopp u. Will. 1868, 617. 
t Diugler's polyt. Journ. 160, 860; Chem. CentialbL 1860, 26. 
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Deus.* The method is also adapted for separating* zinc from 
manganese. 

c. Protoxides of Cobalt and Nickel from Protoxide 89 
OF Manganese and the Oxides of Iron. 

The solution, which must be free from nitric acid, is, after neu- 
tralization of any free acid which may be present by ammonia, 
precipitated with sulphide of ammonium, highly dilute hydrochloric 
acid then added, and sulphuretted hydrogen gas conducted into the 
fluid to saturation, with frequent stirring. This serves to dissolve 
the sulphide of manganese and the sulphide of iron, whilst the 
sulphide of cobalt and the sulphide of nickel, though the latter less 
completely, remain undissolved. The filtrate is reprecipitated by 
addition of ammonia and sulphide of ammonium, and the above 
treatment is repeated. The results are accurate. It is important, 
however, to test the weighed cobalt and nickel compounds, for 
manganese and iron. 

d. Protoxides of Cobalt and Nickel from Protoxide 
OF Manganese. 

To the acid solution add carbonate of soda in excess, then acetic 90 
acid in good excess, then to the clear fluid, containing say 1 grm. of 
nickel or cobalt, dO to 50 c.c. of acetate of soda solution (1 in 10), 
and pass sulphuretted hydrogen to saturation, keeping at 70°. Filter 
off the precipitated sulphide of nickel or cobalt, wash and dry it. 
Concentrate tne filtrate by evaporation, add sulphide of hydrogen and 
ammonium, and then excess of acetic acid, thus obtaining a second 
slight })recipitation of nickel or cobalt. Test tlie filtrate again in the 
same manner. In the mixed precipitates estimate nickel or cobalt 
according to § 110, 1, h, a, or § 111, 1, c; in the filtrate the man- 
ganese according to § 109, 2. 

7. Methods hosed upon the different deportment of the several Oxides 
with Hydrogen Gas at a red heat, 

a, Sesquioxide of Iron from Alumina and Sesquioxide 
OF Chromium. 

Rivot’s Method.f — Precipitate with ammonia, heat, filter, ignite 91 
and weigh. Triturate, and weigh off a portion in a porcelain boat. 
Insert tne latter into a j)orcelam tube, supported in a horizontal 
position, through which a stream of hj^drogen (dried with sulphuric 
acid and chloride of calcium) is passing. In the open end of the 
porcelain tube is inserted a perforated cork, with a narrow open glass 
tube. When the air is exj)elled from the apparatus, heat tlie jiorce- 
lain tube graduall}^ to redness, and maintain it at that temperature 
as long as water forms (about 1 hour). Allow the tube now to cool, 
still maintaining the current of hydrogen, then remove the boat, and 
weigh it. The loss of weight indicates the quantity of oxygen 
which was combined with the iron to sesquioxide. 

If you wish to determine the oxides separately, which may be 
deemea more particularly necessary if the substance contains little 
sesquioxide of iron, treat the mixture of alumina, sesquioxide of 
chromium, and metallic iron, with highly dilute nitric acid (1 part 

* Zeitaohr. f. anal. Ghem, 10, 200. 

t AnnaL de Ghim. et de Phys. 30, 188 ; Journ. f. prakt. Cbem. 51, 838. 
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of acid to 80 or 40 parts of water), or with water to which very 
little nitric acid is added from time to time. The iron is dissolved, 
the alumina and sesquioxide of chromium remain undissolved. The 
latter oxides are weighed ; the iron is precipitated by ammonia, 
after ebullition of the fluid. The results of Kivot’s experimental 
analyses were highly satisfactory. The method is more particularly 
suitable in cases where the quantity of alumina, tfec., is large and 
that of iron small. 

b, Sesquioxide of Iron from Alumina. 

Deville transmits through the tube, after the reduction by 92 
hydrogen has been effected as in a, first hydrochloric gas, and then 
again hydrogen. This leaves the alumina in a state of purity ; the 
iron volatilizes as protochloride, and is either determined by the 
loss or in the direct way. If the latter mode is adopted, the proto- 
chloride in the tubes and in the tubulated receiver is dissolved by 
heating dilute hydrochloric acid to boiling, and conducting the 
vapor into the porcelain tube; the tubulure of the receiver is 
directed downwards in this operation. The OT)eration is much faci- 
litated by the use of a platinum tube (Cooke*). 

8. Methods based upon the different capacity of the several Oxidts 
to be converted by Oxidizmg Agents into higher Oxides^ or by 
Chlorine into higher Chlorides, 

a, Sesquioxide of Chromium from all the Oxides op 
the Fourth Group, and from Alumina. 

a. Fuse the oxides with nitrate of potassa and carbonate of soda 93 
(comp. 59 )i boil the mass with water, add a small quantity of spirit 
of wine, and heat gently for several hours. Filter and determine m the 
filtrate the chromium as directed § 18U, and in the residue the bases 
of the fourth group. The following is the theory of this process : 
the oxides of zinc, cobalt, nickel, iron, and partly that of manganese, 
separate upon the fusion, whilst, on the other hand, manganate 
(perhaps also some ferrate) and chromate of potassa are formed. 
UjK>n ooiling with water, part of the manganic acid of the man- 
ganate of potassa is converted into permanganic acid at the expense 
of the oxygen of another part, which is reduced to the state of 
binoxide ; the latter separates, whilst the potassa salts are dissolved. 

The addition of alcohol, with the application of a gentle heat, 
eflects the decomposition of the manganate and permanganate of 
potassa, binoxide of manganese being separated. Upon filtering 
the mixture, we have therefore now the whole of the chromium in 
the filtrate as alkaline chromate, and all the oxides of the fourth 
group on the filter. Alumina, if present, will be found jiartly in the 
residue, partly as alkaline alurnmate in the filtrate ; proceed with 
the latter according to 59* 

If jrou have to deal with the native compound of sesquioxide of 
chroauum with protoxide of iron (chromic iron) the above method 
does not answer. The method of analysing this substance will be 
given in the Special Part, 

IV early neutralize the solution, add acetate of soda, heat and 94 
convert the sesquioxide of chromium into chromic acid by passing 

* Zeitsebr. f. anal. Cheni. 6, 226. 
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chlorine^ compare 61* If sesquioxide of iron and alumina are pre- ^ 
sent, they will separate during boiling by the action of the acetate 
of soda, while the chromic acid and any oxide of zinc will remain 
in solution. If manganese, nickel and cobalt are present, the 
method loses its simplicity; the manganese is precipitated as 
hydrated peroxide with a portion of the cobalt, almost the whole of 
the nickel and some zinc, while the chromic acid remains in solution 
with the principal amount of the zinc and the rest of the cobalt and 
nickel (W. Gibbs). 

b . Protoxide of Cobalt from Protoxide of Nickel. 
a. After H. Rose.* Dilute the hydrochloric acid solution, in a 95 
capacious flasjj, with water (1 litre to 2 ^rm. of oxides) conduct 
chlorine gas into the flask until the fluid is saturated, and the 
vacant space in the flask completely filled with the gas ; add excess of 
carbonate of lime or baryta shaken up with water, let the mixture 
stand 6 or 6 hours in the cold, taking care to shake repeatedly ; then 
filter the fluid which contains the whole of the nickel, from the 
precipitated sesquioxide of cobalt. Henry has substituted bromine 
for chlorine with success. Denham Smith recommends addition 
of a dilute solution of chloride of lime which has been completely de- 
composed with sulphuric acid, so as to leave no hypochlorite in it. 

Pr. GAUHEf has found the method unsafe, as a short action of 
the alkaline earthy carbonates scarcely precipitates the cobalt, 
while a long action throws down nickel with it. The method may 
therefore be of service under special conditions and when applied 
with experience, but is unsuitable for accurate analysis. 

/3. The method of Gibbs, elaborated by H. RoseJ, which con- 
sists in boiling the sulphuric acid solution with binoxide of lead, 
yields also only approximate result&, compare Gauhe {Loc, cit,) 

9. Method based upon the different deportnient of the Nitrites, 
Protoxide of Cobalt from Protoxide of Nickel, also 
FROM Protoxide of Manganese and Oxide of Zinc. 

The separation of cobalt as nitrite of sesquioxide of cobalt and 96 
potassa, was recommended first by Fischer,§ afterwards by A. 
8tromeyer,|| Genth and Gibbs,1[ H. Rose,** Fr. GAUHEff 
and myself (compare last edition of this work). The results are 
quite satisfactory both in presence of much cobalt and little nickel, 
and in the presence of little cobalt and much nickel ; but the pro- 
cess is peculiarly good for the latter case. However, it is absolutely 
necessary that baryta, lime, and strontia should be absent, as 
in their presence nickel is thrown down as triple nitrite of 
protoxide of nickel, potassa, and alkaline earth (Kunzel, 

0. L. Erdmann^). The best way of proceeding is as fol- 
lows: — The solution of the oxides (from which any iron must 
first be separated) is evaporated to a small bulk, and then, if 
much free acid is present, neutralized with potassa. Then add a 
concentrated solution of nitrite of potassa (previously neutralized 


* Pogg. Annal. 71) 645, and Handb. der anal. Ghem. 6 Aufl. II. 143. 
t Zeitschr. f. anal. Chem. 5, 84. 

X Pogg. Annal. 110, 418. § /6. 72, 477. 

II Annal. d. Chem. u. Pharm. 96, 218. H Ih. 104, 809. 

** Pogg. Annal. 110, 412. +t Zeitschr. f. anal. Cbein. 5, 74. 
44^ Zeitschr. f. anal. Chetn. 8, 161 ; Juum. f. prakt. Chem. 97, 887. 
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with acetic acid and filtered from any flocks of silica and alumina 
that may have separated) in sufficient quantity, and finally acetic 
acid, till any flocculent precipitate that may have formed fi*om excess 
of potassa, nas redissolved and the fluid is decidedly acid. Allow it 
to stand at least for 24 hours in a warm place, take out a portion of 
the supernatant fluid with a pipette, mix it with more nitrite of 
potassa, and observe whether a further precipitation takes place in 
this after long standing. If no precipitate is formed the whole of 
the cobalt has fallen down, otherwise the small portion must be re- 
turned to the principal solution, some more nitrite of potassa added, 
and after long standing- the same test applied. Thus, and thus 
• alone, can the analyst be sure of the complete precipitation of the 
cobalt. Finally filter and treat the precipitate according to § 111, 1, rf. 
Boil the filtrate with excess of h^'drochloric acid, precipitate with 
potash, redissolve the precipitate in hydrochloric acid, throw down 
the uickel according to p. 209, y, as sulphide, and then convert into 
protoxide or metal. In this manner alone can the nickel be obtained 
pure, as the original filtrate contains so much alkaline salt and also 
generally alumina and silica. 

10. Methods hosed upon the different deportment tvith Cyanide of 
Potassium, 

a. Alumina from Oxide of Zinc, Protoxide of Cobalt, 
AND Protoxide of Nickel. 

Mix the solution with carbonate of soda, add cyanide of potas- 97 
sium in suflicient quantity, and digest in the cold, until the preci- 
pitated carbonates of zinc," cobalt and nickel are redissolved. Filter 
off the undissolved alumina, wash, and remove the alkali which it 
contains, by resolution in hydrochloric acid and reprecipitation by 
ammonia (f'RESENiiTs and Haidlen*). 

h. Protoxide of Cobalt from Protoxide of Nickel. 

Liebig’s method,! which depends upon the conversion of the 98 
cobalt into cobalticyanide of potassium, and of the nickel into double 
cyanide of nickel and potassium, has been carefully studied in my 
laboratory by Fr. Gauhe.1 It has been thus found that boiling 
the solution containing cyanide of potassium and hydrocyanic acid 
(Liebig’s first method) does not comjdetely convert the double 
cyanide of cobalt and potassium first formed into cobalticyanide of 
potassium, but that passing chlorine (Liebig’s second method) 
effects a ready and thorough conversion. The method then gives a 
very excellent separation, and is more particularly to be recom- 
mended where the quantity of nickel is small in proportion to the 
cobalt We proceed as follows, taking a hydrochloric solution of 
the metals. Kemove the greater part of the free acid by evapora- 
tion or neutralize it by potash, add pure cyanide of potassium till 
the precipitate first formed has redissolved, then add more cyanide, 
dilute, boil for some time or not, as you like, pass chlorine through 
the cold fluid, adding potash or soda occasionally, so that the fluid may 
remain strongly alkaline to the end. Bromine may be used instead of 
chlorine, and indeed is &r more convenient. In the course of an hour 

♦ Annal d. Chem. u. Phann. 48, 129. t 76. 65, 244, and 87, 128. 
i Zeitaobr. f. anal. Gbem. 5, 75. 
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the whole of the nickel will have precipitated as black hydrate of , 
the sesquioxide. Having taken out a portion and satisfied yourself 
of this by addition of a further quantity of chlorine or bromine, 
filter and wash with boiling water. The precipitate always retains 
alkali, and must be redissolved in hydrochloric acid, and estimated 
according to ^ 110, 1, a, or 2. 

As regards the cobalt it is most convenient to estimate it by 
difference. But if you wish to make a direct estimation it will be 
advisable, in consequence of the large quantity of salts present in 
solution, first to evaporate to dryness with excess of hydrochloric 
acid, to take up the residue with a little water, and to heat in a 
large platinum dish, witii the addition of excess of pure concen- 
trated sulphuric acid till the greater part of the sulphuric acid has 
escaped. The red mass, consisting T)riDcipally of alkaline bisulphate, 
is then treated with w^ater, and the cobalt estimated according to 
§ 111, 1, c. 

Another method of separating nickel and cobalt by cyanide of 
potassium, has been described by Fleck;* but it does not have 
the appearance of being an improvement upon the foregoing. It 
depends upon the fact that although monosulphide of cobalt, like 
sulphide or nickel, dissolves readily in C 3 "anide of potassium, the 
same is not the case with the sulphide of cobalt precipitated by 
sulphide of ammonium from a solution of cobalt, which has been 
mixed with ammonia in excess, and exposed to the action of the air 
till its color ceases to change. 

c. Protoxide of Cobalt from Oxide of Zinc. 

Add to the solution of the two oxides, which must contain 99 
some free hj’drocliloric acid, common cvanide of potassium (j)re- 
pared by Liebig's method), in sufficient quantity to redissolve the 
precipitate of protoc^^anide of cobalt and cyanide of zinc which 
forms at first; then add a little more cyanide of potassium, and 
boil some time, adding occasional!}’^ one or two drops of hydro- 
chloric acid, but not in sufficient quantity to make the solution acid. 
After cooling add some chlorine or bromine, and digest for some 
time to complete the conversion of the cobalt into cobalticyanide 
of potassium. Mix the solution with hydrochloric acud in an 
obliquely placed flask, and boil until the cobalticy anide of zinc 
which precipitates at first is redissolved, and the hydrocyanic acid 
completely expelled. Add solution of soda or potassa in excess, 
and boil until the fluid is clear ; the solution may now be assumed 
to contain all the cobalt as cobalticyanide of potassium, and all the 
zinc as a compound of oxide of zinc and alkali. Precipitate the 
zinc by sulphuretted hydrogen (§ 108). Filter, and determine the 
cobalt in the filtrate as in 98. 'f he process is simple and the sepa- 
ration complete (Fkesenius and Haidlen). 

d . Protoxide of Nickel from Oxide of Zinc. 

Mix the concentrated solution of both oxides with an excess of 100 
concentrated pure solution of potassa, then with hy^drocyanic acid 
in sufficient quantity to redissolve the precipitate completely ; add 
solution of monosulphide of potassium, allow the precipitated sul- 

* Journ. f. prakt. Chem. 97, 803 ; ZeitBohr. f. anal. Chem. 5, 399. 
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phide of zinc to deposit at a gentle heat, filter, wash the sulphide 
of zinc with dilute sulphide of potassium, treat the precipitate 
with hydrochloric acid, and precipitate the zinc from the solution 
with carbonate of soda according to § 108, 1, a. Determine the 
nickel in the filtrate by heating with fuming hydrochloric acid and 
nitric acid (or chlorate of potash), evaporating and precipitating 
with potash (Wohler*). 

Klaye and DEUS,t w'ho examined this method in my labora- 
tory, found that pure and freshly dissolved cyanide of potassium 
might be used instead of potash and hydrocyanic acid. The pre- 
sence of carbonate or formate of ammonia or cyanate of potash in 
the cyanide of potassium would interfere considerably with the 
complete precipitation of the zinc as sulphide. The sulphide of 
zinc may also be finally washed with water containing sulphuretted 
hydrogen, and determined according to § 108, 2. 

e . Cobalt and Nickel from Manganese and Zinc 

(W. GiBBSt). 

To the solution of the chlorides add acetate of soda and pass 101 
hydrocyanic acid gas. Cyanide of zinc is immediately thrown down 
as a white powder more or less completely. Now add sulphide of 
sodium, which will convert the zinc and manganese into sulphides, 
whilst the cobalt and nickel will remain in solution as double 
cyanides, and may be separated according to 98. The use of 
gaseous hydrocyanic acid is a great drawback to this method. 

11. Methods based npon the Volatility of Zinc, 
a. Protoxides of Cobalt and Nickel from Oxide of 
Zinc. 

Berzelius§ recommends the following method for the abso- 102 
lute separation of cobalt and nickel from zinc : — Precipitate with 
solution of potassa, in excess, boil, and filter the fluid, which con- 
tains the greater portion of the zinc dissolved in the caustic 
potassa, from the precipitated hydrated protoxides of nickel and 
cobalt, which also contain some ol the zinc ] wash the precipitate 
thortyuyhly with boiling water, and determine the zinc in the filtrate 
as directed § 108. Dry the precipitate, ignite, and weigh ; then 
mix in a porcelain crucible with pure sugar (recrystallized from 
alcohol), and heat slowly until the sugar is completely carbonized. 

Place the crucible, with the lid on, in a bath of magnesia in a 
larger-sized covered clay crucible, and expose for the space of 
1 hour to the very highest degree of heat attainable by a wind fur- 
nace. This process causes the reduction of the metals : the whole 
of the zinc present rises in vapor, the nickel and cobalt, mixed 
with charcoal, remain. Treat the residue with nitric acid, and 
determine the oxides by precipitating with Dotassa, and weighing 
the precipitate. The dinerence between this weight and that 
obtained Wore, shows the quantity of the coprecipitated oxide 
of zinc. 

Klaye and Deu8,1| who tested this method in my laboratory, 
obtained a very good result. The sugar causes much intu- 

* Annal. d. Chem. u. Pbarm. 89, 376. 
f Zeitschr. f anal. Chem. 10, 197. t Th. 8, 882. 

I Hia Jaiireabericht, 21, 144. ii Zeiisohr. t anal. Chem. 10, 192. 
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mescence, and they recommend the use of charcoal obtained from 
sugar instead. An attempt was made to employ the gas blow- 
pipe instead of the ftimace, but this was a failure. 

b. Zinc from Iron, in Alloys. 

Bobierre states that these alloys may be readily and accu- 103 
rately analysed by igniting them in a stream of hydrogen. 

12. Methods bused upon the Volumetric Detcrminatmi of one of 
the Oxides y and the finding of the other from the difference. 

a. Sesquioxide of Iron from Alumina. 

Precipitate both oxides with ammonia (§ 105, and § 113, 1). 104 
Dissolve the weighed residue, or an aliquot part of it, by digestion 
with concentrated hydrochloric acid, or by iusion with bisulphate 
of potassa and treatment with water containing sulphuric acid ; 
and determine the iron volumetrically as directed § 113, 3, «, or b. 

The alumina is found from the difference. This is an excellent 
method, and to be recommended more particularly in cases where 
the relative amount of iron is small. If you have enough sub- 
stance it is of course much more convenient to divide the solution, 
by weighing or measuring, into 2 portions, and determine in the 
one the sesquioxide of iron + alumina, in the other the iron. 
Instead of titrating the iron, you may also j)recipitate it, after 
addition of tartaric acid and ammonia, with sulphide of ammo- 
nium (77). 

b . Sesquioxide of Iron from Protoxide of Iron (Oxide 
OF Zinc, Protoxide of Nickel). 

a. Determine in a portion of the substance the total amount of 105 
the iron as sesquioxide, or by the volumetric way. Dissolve another 
])ortion by warming with sulphuric acid in a flask through whicli 
carbonic acid is conducted, to exclude the air \ dilute the solution, 
and determine the protoxide of iron volumetrically (§ 112, 2, a). 

The difference gives the (|uantity of the sesquioxide. Or, dissolve 
the compound in like manner in hydrochloric acid, and determine 
the sesquichloride of iron with protochloride of tin according to 
§ 113, 3, In this case the difference gives the protoxide of iron. 

If it is desired to determine the protochloride of iron in the hydro- 
chloric solution directly, it will be well to use Penny^s method 
(p. 220). These convenient and simple methods will in time 
probably replace the older and more complicated methods of de- 
termining protoxide of iron in presence of sesquioxide. If the 
compound in which sesqui- and protoxide of iron are to be estimated 
is decomposed by acids with difficulty, heat it with a mixture of 4 
parts sulphuric acid and 1 part water (or with hydrochloric acid) 
in a sealed tube at 210° (Mitscherlich, compare p. 354). Or, if 
this is not enough, fuse it with borax (1 part mineral, 5 — 6 vitrified .. 
borax) in a small retort, connected with a flask containing nitrogen 
(produced by combustion of phosphorus in air) ; an atmosphere of 
carbonic acid is less suitable. Triturate the fosed mass with the 
glass, and dissolve in boiling hydrochloric acid in an atmosphere 
of carbonic acid (Hermann v. Kobell). Or you may dissolve 
the substance in a mixture of hydrofluoric and hydrochloric acids 
as directed 83 — and this will generally be the best way. 
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Iron may also be determined volumetrically in presence of oxide 106 
of zinc, protoxide of nickel, &c. It is, indeed, often the better way, 
insteaa of effecting the actual separation of the oxides, to determine 
in one portion of the solution the sesquioxide of iron + oxide of 
zinc or + protoxide of nickel, in another portion the iron alone, and 
to find the quantity of the other metal by the difference. However, 
this can be done only in cases where the quantity of iron is 
relatively small. 

Sesquioxide of Iron prom Protoxide of Iron. 107 
Bunsen’s method. Fill the little flask d, fig. 86 (p. 292), two-thirds 
with fuming hydrochloric acid, and replace the air above with 
carbonic acid, by throwing some grains of carbonate of soda into 
the flask. Weigh a portion of the substance in an open short tube, 
and in another similar tube a slight excess of bichromate of potassa ; 
drop the two tubes into the flask, attach the evolution tube, and 
proceed for the rest as directed § 130, €y j8. Of course you will 
obtain less free iodine than if no protoxide of iron had been dis- 
solved with the chromate of potassa, as a portion of the liberated 
chlorine goes to convert the protochloride of iron into sesnuichloride. 

The difference between the iodine corresponding to the bichromate 
used and that actually obtained represents the protoxide of iron 
present (1 eq. iodine = 2 eq. protoxiae of iron). 

If you wish to ascertain the total 
quantity of iron present, dissolve 
another portion of the substance in 
hydrochloric acid in the little flask, 
and reduce the sesquioxide of iron to 
protoxide, by means of a ball of 
chemically pure zinc, cast on a fine 
platinum wire. To exclude all access 
of air, connect the flask, during the 
ebullition, with the apparatus h 1/ 

(fig. 106). 

As soon as the colorless condition 
of the fluid shows that the reduction 
is completed, cool the flask in cold 
water, lift the upper cork, throw a 
few grains of caroonate of soda into 
the acid, draw the zinc ball up the 
tube b, wash off the fluid adhenng to 
the b^l into the flask, and remove 
b b\ Add quickly a weighed slight 
excess of bichromate of potassa, and 
proceed for the rest as just directed. 

e. Protoxide of Manganese from Alumina and Sesqui- 
oxiDE OP Iron (Krieoer*). 

Precipitate with carbonate of soda, di^st the precipitate some 108 
time with the fluid, wash properly, first oy decantation, then on 
the filter, dry, ignite, and determine in a sample the manganese 
aocor^ng to 72. Bear in mind that the precipitate contains the 
manganese as Mn,0^ and also that in precise analyses the small 

^ AanaL 4. Cbem. u. Pbarm. 87, 261. 
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Quantity of man^nese in the filtrate must not be disregarded , 

(3 109, 1, a). Carbonate of ammonia be used instead of 
carbonate of soda (65) and deserves the preference. 

d. Protoxide of Manganese from Oxide of Zinc 
(Krieoer). 

Precipitate boiling with carbonate of soda, wash the precipitate 109 
with boiling water, dry, and ignite. If the substance contained a 
sufficient quantity of zinc, the precipitate consists of ZnO + £rMuj,(X. 
Weigh off a portion and determine the manganese as in 72. If 
the quantity of zinc is insufficient, proceed as directed 72, N,B. 
Reg*arding the minute quantity of manganese which passes into 
the filtrate, see § 109, 1, a, 

e. Protoxide op Cobalt from Protoxide of Nickel. 

Estimate both metals according to § 110, 1, a and 2, and § 111, HO 

1, ft, dissolve the reduced metals in aqua regia, evaporate repeatedly 
with hydrochloric acid to dryness, till the nitric acid is expelled, 
determine the cobalt according to § 111, 3, and find the nictel by 
difference. The method cannot be employed in presence of large 
(quantities of nickel and only gives tolerably good results. 

13. Indirect Method. 

Sesqtjioxide of Iron from Protoxide. 

Of the many indirect methods proposed, which are now, how- HI 
ever, but rarely resorted to since the introduction of the volumetric 
methods, I will only give the following- : — Dissolve in hydrochloric 
acid in a current of carbonic acid, add solution of sodio-terchloride 
of gold in excess, close the fiask, and allow the reduced gold to 
de})OSit ; filter the fiuid from the gold, and determine the latter as 
directed § 123. Determine the total quantity of the iron in the 
filtrate, or in another portion of the substance. The calculation is 
self-evident : 1 eq. gold sej^arated corresponds to C eq. protochloride 
or ])rotoxide of iron, since OFeCl -f AuCl^ = SFej^Cl^ + Au (H. 
Rose). 

IV. Separation of Sesqttioxide of Irojst, Alumina, Prot- 
oxide OF Manganese, Lime, Magnesia, Potassa, 

AND Soda. 

§ IGl. 

As these oxides are found together in the analysis of most 
silicates, and also in many other cases, I devote a distinct para- 
graph to the description of the methods which are employed to 
effect their separation. 

1. Method hdsed upon the employment of Carhomite of Baryta 
(particularly ajiplicable in cases where the mixture 
contains only a small proportion of lime). 

The solution should contain no free chlorine, an(l the iron should 112 
be all in the form of sesquioxide. Precipitate the iron and alumina 
by carbonate of baryta* (54 and 76), dissolve the precipitate in 

* Before adding the carbonate of baryta, it is absolutely indispensable to ascertain 
whether a solution of it in hydrochloric acid is completely precipitated by sulphuric 
acid, so that the filtrate leaves no residue upon evaporation in a platinum dish. 
QUANT. VOL. I. G G 
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hydrochloric acid, throw down the baryta with ifulphuric acid, 
filter, and estimate the iron and alumina according to one of the 
methods given § 160, by preference 104, least when the quantity 
of alumina is not too small. 

To the filtrate from the carbonate of bar}^ precipitate add 
hydrochloric acid, heal, throw down the baryta with sulphuric acid, 
added just in excess. Filter off the precipitate, wash till free from 
soluble sulphate, concentrate if necessary, precipitate, and estimate 
the manganese as sulphide (§ 109, 2). To the filtrate add hydro- 
chloric acid, heat, filter off the sulphur, precipitate the lime with 
oxalate of ammonia, and finally separate the magnesia from the 
alkalies by one of the methods given § 153. 

2. Method hosed upon the application of Alkaline Acetates or 

Formates, 

Remove by evaporation any very considerable excess of acid 113 
which may be present, dilute, add carbonate of soda,* until the 
fluid is nearly neutral (no permanent preci])itate must be formed), 
then acetate or formate of soda, ana proceed according to 85* 
Wash the preeijntate well, dissolve in hydrochloric acid, preci})itate 
the solution with ammonia (45), dry, ignite, and weigh. Dissolve 
in concentrated hydrochloric acid, and determine the iron volu- 
metrically by means of protochloride of tin, <fe;c., according to § 113, 

3, h, or digest it with 10 times its weight of a mixture of 8 parts 
sulphuric acid and 3 jiarts water, or fuse it for a long time with 
bisul})hate of potassa, dissolve in water, and determine the iron as 
in § 113, 3, a. The difference gives the quantity of the alumina. 

If any silicic acid remains behind on dissolving the precipitate, it 
is to be collected on a filter, ig-nited, weighed, and deducted from 
the alumina. The filtrate contains the manganese, the alkaline earths, 
and the alkalies. Precipitate the manganese with sulphide of am- 
monium (§ 109, 2), boil with hydrochloric acid and filter off the sul- 
phur, precipitate the lime, after addition of ammonia, with oxalate of 
ammonia, and lastly, after removing the ammonia salts by ignition, 
precipitate the magnesia from the hydi ocliloric acid solution of the 
residue with double phosphate of soda and ammonia. However, if it is 
intended to estimate the alkalies, the magnesia must be separated 
by one of the processes in § 153, 4. This method is convenient, 
and gives good results, especially in the presence of much iron and 
little alumina. Since alumina is not jirecipitated by alkaline 
acetates or formates with the same certainty as iron, it is necessary 
to test the weighed sulphide of manganese for alumina. 

3. Method hosed upon the application of Sulphide of Ammonium, 

Mix the fluid in a flask with chloride of ammonium, then with 114 
ammonia, until a precipitate just begins to form, then with yellow 
sulphide of ammonium, fill the flask nearly up to the top with 
water, cork it, allow to settle in a warm place, filter, and wash 
the precipitate — consisting of sulphides or iron and manganese 
and hydrate of alumina— without interruption with water contain- 
ing sulphide of ammonium. Separate the lime, magnesia, and 

* In cases where it is intended to estimate the alkalies in the filtrate, ammonia 
salts must be used instead of the soda salts. 
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alkalies in the filtrate as in 113. Dissolve the precipitate in hydro- 
chloric acid, and separate the alumina from the iron and man- 
ganese according to 77 or 78; aiid then the iron from the man- 
ganese, say by 82 or 85- 

The following methods are particularly suitable in cases where 
no manganese is present, or only inappreciable traces : — 

4. Methods based upon the application of Ammonia. 

a. The solution must contain all the iron in the state of sesqui- 115 
oxide. Add a relatively large quantity of chloride of ammonium, 
and — observing the precautions indicated in 45 — precipitate with 
ammonia. The precij)itate contains the whole of the iron and 
alumina ; at most an inappreciable amount of the latter remains in 
solution if the free ammonia has been almost but not entirely 
driven off by heat, if the solution was diluted sufficiently, and 

if enough chloride of ammonium was present. It may also contain 
small quantities of lime and magnesia and a little protosesquioxide 
of manganese. It is well, therefore, usually to redissolve the 
washed precijiitate in liydrochloric acid, ana rejirecipitate with 
ammonia. In this way the jjrecipitate will be got free from alkaline 
earths and manganese. Wash the precipitate completely, dr}^ 
ignite, and treat according to 113* If silicic acid remains un- 
dissolved, it is to be determined and deducted. The solution filtered 
from the alumina and sesquioxide of iron is concentrated b}" evapo- 
ration, the manganese is j)recipitated and determined according to 
§ 109, 2, as sul])hide, the alkaline earths and alkalies in the filtrate 
are estimated according to 113. The weighed sul})hide of man- 
ganese is digested with dilute liydrochloric acid, any residue that 
may remain fused with bisulphate of ])otassa, dissolved in water, 
and tested for alumina. 

b. Precipitate the alumina, sesquioxide of iron, and lime, by 116 
addition of ammonia and carbonate and oxalate of ammonia alto- 
gether, decant, and filter. Dissolve the precipitate in hydrochloric 
acid, add tartaric acid, to jirevent the jirecipitation of sesquioxide 

of iron and alumina, and then precipitate the lime with ammonia 
as oxalate. Filter, and sejiarate the iron from the alumina in the 
filtrate as in 77; and the magnesia and alkalies in the first filtrate 
as in 18. Should the first filtrate contain sulphuric acid, remove 
this by chloride of barium, then sejiarate the alkaline earths from 
the alkalies by evajioration with oxalic acid, ignition, and treat- 
ment of the residue with boiling water, and finally the baryta from 
the magnesia as in 29 (E. Mitscherlicii ; Lewinstein*). As 
alumina in jiresence of oxalate of ammonia is only precipitated gradu- 
ally on warming (Pisani), it is necessary to digest some time in the 
heat before the first filtration, and as apportion of the magnesia is 
always present in the preeijiitate, I would recommend, after 
separating the iron from the alumina, to test the fluid filtered from 
the latter, and also the alumina itself for magnesia. The method 
cannot be applied in the presence of weighable quantities of 
manganese. 

c. Precipitate with ammonia, digest for some time in the heat, 117 
till the excess of ammonia is in a great measure removed, filter, 

* Journ. f. prakt. Chem. 68, 99. 
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wash careftilly, dry and i^ite ; add, without reducinpr tlie residue 
tc powder, at least 10 times the quantity of anliydroiis carbonate 
of soda, cover the crucible, and heat tlie mixture over the blast 
«as-lamp, or some other a})pro])riate source of heat (the heat of a 
spirit lamp with double drauo-ht is not sufficiently j)Owerful), until 
decomposition of the carbonate of soda is no long’er observable, for 
at least 45 minutes. Boil the fused mass, best in a silver dish, 
after addition of some caustic potassa, with water until thoroughly 
extracted ; add, if nianf»anate of soda im})arts a green tint to the 
solution, a few drops of alcohol, and wash the precipitate by 
decantation and filtration, first with water containing* potassa, then 
wdth pure water. Dissolve the precipitate in hydrochloric acid, 
heat with a few drops of alcohol, to facilitate the reduction of the 
sesquichloride of manganese, and separate finally, by means of 
acetate of ammonia, the sosquioxide of iron fi’om the portions oi’man- 
g*anese, lime and magnesia contained in the ammonia precipitate, 
which may then be estimated either sejmrately or jointly with the 
pnncijial (piantities according* to 113- Tlie alumina is determined 
in the alkaline solution as in 78 (B- Bichteii*). 

0. Mvthni hmid upm thr Divotuposition of the Nitrates 
(Devillf/s miihoit). 

This method presujiposes that the bases are comliined with 118 
nitric acid only. 

Proceed first as in 46. The escape of the nitrous acid fumes, 
observed during* the heating of the nitrates, is no proof of th(‘ total 
decomposition of the nitrates of iron and alumina, as these vapors 
may owe their formation to the conver>ion of the nitrat(‘ of prot- 
oxide of manganese into binoxide. Stop the application of lieat 
when no more vapors are evolv(‘d, and the siilistance has acquired 
a uniform black color. After tin* treatm(‘iit with nitrate of am- 
monia, the solution contains nitrates of lime, magnesia and tlie 
alkalies, the residue alumina, sesquioxide of iron, biiujxide 

of mangan(\se and — in the ])resence of much manganese — small 
(jiiantities of the alkaline earths. (That some manganese is dis- 
solved, under certain circumstances, lias been stated already in 71 5 
this trace is found with the magnesia, and finally stqiarated from 
the latter). 

Deville recommends the following methods to effect the 
further sejiaration of the bases : — 

a. Heat the rr.siiJi/i' vrith moderately strong nitric acid, until 
the alumina and sc^scpiioxide of iron are dissolved, lea\ing* the 
residuary binoxide of manganese of u ]mre black color. Ignite the 
residue, and weigh the j)rotoses(pjioxide of manganese formed. 
Evaporate the solution in a platinum crucible, ignite, and wcdgli 
the mixture of sesquioxide of iron and alumina, which may possibly 
also contain some jirotose.sijuioxide of niungaiH»se. Treat a jiortion 
of it by the method descrilied in 91; tliis gives the alumina. If 
mang’anese was jiresent, tin* iron (rannot )>e estimated by difier(*ncc. 
Deville thertdore evaporates the solution of the protochlorides 
(92) with sulphuric acid, ignites gently, and treats the residue, 
which consists of sesquioxide iron and some sulphate of prot- 

♦ Jourii. f. prakt. Cbem. 64, 878. 
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oxide of mangunese, with water to dissolve the latter. (Should 
the heat applied have been too strong, which might possibly lead 
to the decomposition also of sul])hate of protoxide of manganese, 
the residue is moistened with a mixture of oxalic and nitric acids, 
some sulphuric acid added, and the process repeated.) 

h. From the ,filtrate^ precijiitate first the lime by oxalate of 
ammonia, then separate the magnesia from the alkalies as directed 

This method is not to be recommended in the presence of man- 
ganese. 

6 . Method which combines 4 and 5. 

Precij)itate with ammonia (45)? decant, filter, wash, remove 119 
the still moist precij>itate, as tar as practicable, from the filter, 
dissolve the rest in nitric acid, transfer this to the dish, to effect 
also the solution of the bulk of the precipitate ; proceed as in 118? 
and add the fluid, separated from the sesijuioxide of iron and 
alumina, and still containing small quantities of magnesia, and 
possibly traces of lime, to the principal filtrate. This method is 
to be recommended in the absence of manganese. The determi- 
nation of the alumina is best effected b}" estimating the total 
amount of sesejuioxide of iron and alumina, then the sesquioxide 
of iron volumetrically (104)* If on dissolving the precipitate of 
sesquioxide of iron and alumina any silica remains, this must be 
deducted. 


Supplement to the Fourth Group, 

To §§ 168, 169, 100. 

Separation of Sesquioxide of Uranium from the 
OTHER Oxides of Groups I. — IV. 

It has already been stated, in § 114, that ses(juioxide of uranium 120 
cannot be completely sejiarated from the alhalus by means ot am- 
monia, as the precipitated ammonio-sesejuioxide of uranium is likely 
to contain also fixed alkalies. The preeijutate should therefore be 
<lissolved in hy^drochloric acid, the solution eva]>orated in the 
jilatinum crucible, the residue gently ignited in a current of hydro- 
gen gas (see fig. 79, p. 200), the chlorides of the alkali metals 
extracted with water, and the protoxide of uranium ignited in 
liydrogen, in order to its being weighed as such, or in the air, 
whereby it is converted into protosesquioxide. Instead of dissolv- 
ing the precij)itate in hydrochloric acid and treating the solution 
as directed, you may heat the precipitate cautiously* with chloride 
of ammonium, and treat the residue with water (II. Rose). 
Uranium may be completely sejiarated from the alkalies also by 
suljdiide of ammonium as H. Rose found. RemeleI has 
examined this subject with great care and recommends the follow- 
ing method of precipitation .* — The solution being tumtral or slightly 
aculy add an excess of yellow sulphide of ammonium and keep 
nearly boiling for an hour to convert the first formed precipitate of 
oxy^sulphide of uranium entirely into a mixture of ]>rotoxide of 

* Strong ignition would occasion the volatilization of chloride of uranium, 
t Zeitsohr. f. anaL Chem. 4, 379. 
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uranium and sulphur. The fluid at first dark from presence of 
dissolved uranium will now appear yellow and transparent. Filter 
ofl* the precipitate containing* all the uranium and wash it with 
cold or warm water, first by decantation finally on the filter. It 
is well to mix a little sulphide or chloride of ammonium with the 
water, as when pure water is used the last filtrate is a})t to he 
turbid. The dried precipitate is roasted and then converted into 
protosesnuioxide bv ignition in the air, or into protoxide by ignition 
in hydrogen (§ 114). 

Fr. Stolba* recommends to separate sesquioxide of uranium 121 
from the alkalies by precii>itating the latter in the form of silico- 
fluorides with addition of alcohol. Treat the substance with aqueous 
hydrofluosilicic acid of 3 to 5 jier cent, and warm gently. As soon 
as the yellow powder has disappeared, allow to cool, add 3 to 4 
volumes of spirit of wine of 75 to 80 per cent., mix, and allow to 
settle in a dark ]>lace, or at least in a place unexj)osed to direct 
sunlight, filter, wash with s])irit till the washings are completely 
free from acid reaction, and determine the alkali volumetrically 
according to § 97, 5. Direct .sunlight renders the alcoholic solution 
of uranium turbid, causing separation of green ])rotosilicofluoride 
of uranium. To estimate the uranium also, evaporate the ahjoliolic 
filtrate, heat the residue with excess of sulphuric acid to remove 
the hydrofluosilicic acid, dissolve with the aid of a little nitric 
acid in water, filter, and estimate the uranium in the filtrate by 
§ 114. 

The method can also be used for the analysis of sesmiisalts of 
uranium containing alkali and soluble in sjnrits of wine. Moderate 
quantities of hydrochloric or nitric acid do not interfere, while 
sulphuric acid causes the alkali to be too low in consecjuence of 
the coprecipitation of alkaline sulphate. 

From baryta^ sesquioxide of uranium may be separated by 122 
sulpliuric acid, from istnmtia and by sulphuric acid and alcohol. 
Ammonia fails to eflei.'t complete sejiaration of sesquioxide of 
uranium from the alkaline earths, the precipitate always containing 
not inconsiderable cjuantities of the latter. In such j)recipitates, 
however, the uranium and the alkaline earth may likewise be 
se]>arated by gentle ignition with chloride of ammonium and treat- 
ment of the residue with water. 

Uranium may be separated from stmntm and lime also by j>re- 123 
cipitation with sulj)hide of ammonium by the method given above 
in the separation from the alkalies. As alkaline earthy carbonates 
may be coprecipitated, treat the washed jirecipitate of protoxide 
ol* uranium and suljihur tn the cold with dilute hydrochloric acid 
which will not dissolve protoxide of uranium. Suljihide of am- 
monium will not answer for the separation of uranium from baryta 
(HEMELEf). 

Magnesia may be sejiarated from sesquioxide of uranium not 124 
only by sulphide of ammonium in presence of chloride of am- 
monium, but also by ammonia. Add enough chloride of ammonium 
to the solution, heat to boiling, supersaturate with ammonia, con- 
tinue boiling till the odor of ammonia is but slight, filter the hot 


Zeitschrift f. analyt Chem. 8, 71. 
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fluid, and wash the precipitate, which is free from magnesia, with 
hot water containing ammonia (H. Rose). It is always well to 
test the protoxide of uranium obtained by ignition in hydrogen for 
magnesia by treating with dilute hydrochloric acid. 

Alumina is best separated from sesquioxide of uranium by 
mixing the somewhat acid fluid with carbonate of ammonia in 
excess. The sesquioxide of uranium passes completely into solution, 
while the alumina remains absolutely undissolved. Filter, 
evaporate, add hydrochloric acid to resolution of the precipitate 
produced, heat till all the carbonic acid is expelled, and precipitate 
with ammonia (§ 114). 

Sesquioxide of uranium is best separated from srsquioxide of 
chromium (W. Gibbs*) by adding to the solution soda in slight 
excess, heating to boiling and adding bromine water, when the 
sesquioxide of chromium is rapidly converted into chromic acid. 
Filter the solution containing chromate of soda from the precipitate 
which has a deep orange red color and consists of a compound of 
soda and sesquioxide of uranium mixed with some chromate of 
sesquioxide of uranium. Wash the precipitate wdth hot water 
containing a little soda, dissolve it in hot nitric acid, boil the 
solution a few minutes to drive off any nitrous acid and jirecipitate 
the chromic acid according to § 130, I, a, with nrotonitrate of 
mercury (according to Gibbs at a boiling heat). Trie filtrate now 
contains the whole of the uranium, of course in presence of 
mercury. 

Tlie separation of uranium from the metals of the fourth grovp 125 
may be based simply on the fact that carbonate of ammonia 
prevents the precipitation of uranium but not that of the other 
metals by suljdiide of ammonium. Mix the solution with a 
mixture of carbonate of ammonia and sulj)hide of ammonium, 
allow to subside in a closed flask and wash the precipitate with 
water containing carbonate of ammonia and sulphide of ammonium. 

Remove the greater part of the excess of carbonate of am- 
monia from tlie filtrate by a ver}' gentle heat, acidify with hydro- 
chloric acid, warm, filter o"tf the separated sulphur and throw down 
the uranium either by sulphide of ammonium (see above. Separation 
of Uranium from the Alhalu^n) or by heating with nitric acid and 
then adding ammonia (H, RosEf, Remel^J). The method is 
not so suitable in presence of nickel, as a little of this metal is 
very liable to pass into the filtrate on precipitation with carbonate 
of ammonia and sulphide of ammonium. 

Sesquioxide of iron may be also separated from sesquioxide of 
uranium by means of an excess of carbonate of ammonia. The 
small quantity of iron which passes with the uranium into solution 
wdll fall down on allowing the solution to stand for several hours, 
or it may be precipitated with sulphide of ammonium, before the 
uranium is thrown down (Pi8ANi§). 

From protoxides of nickel, cobalt, and manganese, ooeide of zinc and 
magnesia, the sesquioxide of uranium may also be separated by 
carbonate of baryta. The fluid, which should contain a little free 

* Zditfichrift f. analyt Chem. 12, 310. t Ih, 1, 412. 

§ Oompt. rand. 62, 106. 


X lb, 4, 385. 



456 


SEPARATION. 


[§ 162. 

acid, is mixed with the precipitant in excess, and allowed to stand 
in the cold for 24 hours with frequent shaking* (76)* 

From cobalt^ nickel and zinc uranium may also be separated 126 
(Gibbs and Perkins*) by taking the neutral or slightly acid 
solutions of the chlorides, adding acetate of soda in excess and a 
few drops of acetic acid, and passing a rapid current of hydrosulphuric 
acid for half an hour through the boiling fluid The uranium remains 
dissolved w*hile the other metals are precipitated. I should advise 
testing the filtrate with a mixture of carbonate of ammonia and 
sulphide of ammonium to see if any nickel, cobalt or zinc remain in 
solution. 


FIFTH GROUP. 

OXIDE OF SILVER SUBOXIDE OF MERCURY — OXIDE OF MER- 
CURY OXIDE OF LEAD TEROXIDE OF BISMUTH — OXIDE 

OF COPPER — OXIDE OF CADMIUM. 

I. Separation of the Oxides of the Fifth Group from 
THOSE of the first Four Groups. 

§ 102 . 

Index : — ^The Nos. refer to those in the margin. 

Oxide of silver from the oxides of Groups I. — IV., 127, 128. 

Oxide and suboxide of mercury from the oxides of Groups I. — ^IV., 127, 129. 

Oxide of lead from the oxides of Groups I. — IV., 127, 130. 

„ protoxide of manganese, 142. 

Teroxide of bismuth from tlie oxides of Groups I. — IV., 127, 140. 

„ p!otoxide of manganese, 142. 

Oxide of copper from the oxides of Groups I. — IV., 127, 131 — 135. 

„ oxide of zinc, 136, 137. 

„ protoxide of manganese, 142. 

„ sescjuioxide of iron, 1 38. 

„ protoxide of nickel, 139. 

Oxide of cadmium from the oxides of Groups I. — IV., 127. 

„ oxide of zinc, 141. 

„ protoxide of manganese, 142. 


A. General Method, 

All the Oxides of the Fifth Group from those of the 
FIRST Four Groups. 

Principle : Sulphuretted Hydrogen precipitates from Acid Solutions 
the Metals of the Fifth Group, but not those of the first Four Groups, 

The following points require especial attention in the execution 127 
of the process : — 

o. To effect the separation of the oxides of the fifth group from 
those of the first three groups, by means of sulphuretted hydrogen, 
it is necessary simply that the reaction of the solution shoula be 
acid, the nature of the acid to which the reaction is due being of 
no consequence. But, to effect the separation of the oxides of the 
fifth group from those of the fourtli, the presence of a free mineral 
acid is indi^nsable ; otherwise, zinc and, under certain circum- 
stances, also cobalt and nickel may be coprecipitated. 

But even the addition of hydrochloric acid to the fluid will 

* Ztdtachr. f. anal. Chem. 8, 884. 
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not always entirely prevent the coprecipitation of the zinc. Rivot 
and Bouquet* declare a complete separation of copper from zinc 
^ means of sulphuretted hydrog-en, altogether impracticable. 
(jALVERTf states that he has arrived at the same conclusion. On 
the other hand, SpirgatisJ concurs with H. Rose in maintaining 
that complete separation of copper from zinc may be effected by 
means of sulphuretted hydrogen, in presence of a sufficient quantity 
of free acid. 

In this condict of opinions, I thought it necessary to subject 
this method once more to a searching investigation. I therefore 
instructed one of the students in my laboratory, Mr. Grundmann, 
to make a series of experiments in the matter, with a view to 
settling the question. § 

The following process is founded on the results which we 
obtained : — 

Add to tlie copper and zinc solution a large amount of hydro- 
chloric acid (^'.<7., to *4 gnn. oxide of copper in IL^oO c.c. of solution, 

•30 c.c. hydrochloric acid of 1-1 sj). gr.), conduct into the Huid at about 
?0°sul}>huretted hydrogen largely in excess, filter before the excess 
of sulphuretted hydrogen has had time to escape or become de- 
comjiosed, wash with sulphuretted hydrogen water, dry, roast, 
redissolve in nitrohydrochloric acid, evaporate nearly to dryness, 
add water and hydrochloric acid as above, and precipitate a^ain 
with sulphuretted hydrogen. I'lns second precipitate is free from 
zinc ; it is treated as directed in § 119, 3. 

If CADMIUM is j)resent, it is well to have less acid present, 
c.//., to *4 grill, oxide of cadmium in 250 c.c. of solution add 10 c.c. 
hydrochloric acid ot 1*1 sp. gr. If the quantitv of zinc is con- 
siderable, dissolve the first precipitate of sulphide of cadmium in 
hot hydrochloric acid, evajKirate nearly to dryness, add 10 c.c. 
hydrochloric acid and about 250 c.c. water, and precipitate again. 

In this way the results are quite satisfactory. 

y. The other metals of the fifth grou}) comport themselves in 
this respect similarly to cadmium, ic., they are not completely 
precipitated b}" sulphuretted hydrogen in presence of too much 
free acid in a concentrated solution. Lead requires the least 
amount of free acid to be retained in solution ; then follow in order 
of succession, cadmium, mercury, bismuth, copper, silver (M. 
MartinII). a portion of the filtrate should, if necessary, be tested 
by addition of a large quantity of sulphuretted hydrogen to see if 
the precipitation of the fifth group was complete. 

8. If hydrochloric acid produces no precipitate in the solution, 
it is preferred as acidifying agent, otherwise sulphuric or nitric 
acid must be used. In the latter case the fiuid must be rather 
largely diluted. Eliot and StorerIT arrived at the same con- 
clusion as ourselves, and showed that the cause of Calvert's 
unfavorable results was the too large dilution of his solutions. 

For to prevent the precipitation of zinc you have not merely to 
})reserve a certain proportion between the zinc and the free acid, 

* Annal. d. Chem. u. Pharm. 80, 364. t Joum. f. prakt. Chem. 71, 155. 
t Ih, 57, 184. § 76. 78, 241. || A 67, 371. 

If On the Impurities of Commercial Zinc, && — Memoirs of the American Academy 
of Arts and Sciences. New Series. Yol. 8. 
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but also a certain degree of dilution. Although I agree with the 
above-named chemists in the opinion that it is })ossihle to produce 
a condition of the duid, under which one precipitation will eifect 
complete separation, still it apj^ears to me better, for practical 
purposes, to precipitate twice, as this is sure to lead to the desired 
result. 

«. A somewhat copious experience in the separation of copper 
from NICKEL (and cobalt) which so frequently occurs, has led 
me to the opinion that a double precipitation is unnecessary. If the 
solution which is to be treated with suljdiuretted hydrogen con- 
tains enough free hydrochloric acid and not too mucli water, 
the copper falls down absolutely free from nickel, while, on the 
other hand, if the quantity ol free acid is not too larg-e, the 
filtrate will be quite free from copper. The method ffiven in ^ 
for separating* copper from zinc is also to be recommended in this 
case. 

f. Cadmium and zinc may, according to Follenius, also be 
completely separated by a single precipitation, if the metals are 
}>resent in a sulphuric acid solution containing 25 or 30 per cent, 
of dilute acid of I'lO sp. gr. Precipitate with sulpiiuretted 
livdrogen at 70®. Collect the ])recipitate on a weighed asbestos 
filter (§ 47, end), dry in a current of heated air, ignite gently in a 
stream of jjure sulphuretted hydrogen (to convert small quantities 
of sulphate of cadmium into suljdiide), remove the small quantity 
of ^eria rated sulphur by gentle ignition in a current of air, and 
weign. 

B. Special Methods. 

Single Oxides of the Fifth Group from Single or 
Mixed Oxides of the first Four Groups. 

1. Silver is most simydy and completely separated from the 128 
oxides of the ^Iu^T four groups by means of hydrochloric 
acid. The hydrochloric acid must not be used too largely in 
excess, and the fluid must be sufficiently dilute ; otherwise a 
portion of the silver will remain in solution. Care must be taken 
also not to omit the addition of nitric acid, which promotes the 
sejjaration of the chloride of silver. The latter should be treated 
according to § 115, 1, a. 

2. The separation of mercury from the metals of the first 129 
FOUR GROUPS may be effected also by ignition, which will cause 

the volatilization of the mercury or the mercurial compound, leaving 
the non-volatile bodies behind. The method is applicable in many 
cases to alloys, in others to oxides, chlorides, or sulphides. If the 
mercury is estimated only from the loss, the operation is conducted 
in a crucible ; otherwise in a bulb-tube, or a wide glass tube with 
porcelain boat. In the latter case it is well to use a current of 
iivdroc’en (compare § 118, 1, a ; also Examination of Met^curial Ores 
in the^pecial l^art). 

The precipitation of mercury as subchloride with pho8y)horous 
acid, according to § 118, 2, is also well adapted for its separation 
from metals of the first four groups. If tne mercury is already 
present as suboxide, it may be separated and determined in a 
bimjile manner, by precipitation with hydrochloric acid (§ 117, 1). 
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3. From those bases which form soluble salts with 130 
SULPHURIC ACID, OXIDE OF LEAD may be readily separated by 
that acid. The results are very satisfactory, if the rules ^ven in 

§ 116, 3, are strictly adhered to. 

If you have lead in presence of baryta, both in form of sul- 
phates, digest the precipitate with a solution of ordinary sesqui- 
carbonate of ammonia, without application of heat. This de- 
composes the lead salt, leaving the baryta salt unaltered. Wash, 
first with solution of carbonate of ammonia, then with water, and 
separate finally the carbonate of lead from the sulphate of baryta, 
by acetic acid or dilute nitric acid (H. Rose*). The same object 
may also be attained by suspending the washed insoluble salts in 
water and digesting with a clear concentrated solution of hyj) 0 - 
sulj)hite of soda at 15 — *20° (not higher). The suljihate of baryta 
remains undissolved, the suljihate of lead dissolves. Determine the 
lead in the filtrate (after § 116, 2) as suljihide of lead (J. LdWEf). 

The method recommended by Rivot, Reudant, and Daouin,! 
for separating the lead by mixing the solution with acetate of soda, 
heating and jiassiiig chlorine, requires, according to 11. Rose,§ to 
be executed with great caution, since portions of otlier oxides, even 
such as are not converted by chlorine into higher oxides — for 
instance, oxide of zinc — are very liable to be precipitated with the 
binoxide of lead. 

4. Oxide of Copper from all Oxides of the first 
Four Groups. 

a. Free the solution as far as possible from hydrochloric and 131 
nitric acids by evaporation with sulphuric acid. Dilute if neces- 
sary, boil, and add ht/posulphitc of soda\\ as long as a black pre- 
cipitate continues to form. As soon as this has deposited, and the 
sujiernatant fluid contains only suspended sulphur, the whole of 
the cojqier is jirecipitated. The precijiitate is suosulphide of cojiper 
(('u„8),and may be readily washed without suffering oxidation. Con- 
vert It into anfivdrous subsulphide by ignition in liydrog^en (§119, 

3). The other Lases are in the filtrate and washings. Evaporate 
w ith some nitric acid, filter, and estimate the oxides in the filtrate.lT 
Results good. The method requires practice, as the end of the 
precipitation of the copper is not so easy to hit as when sulphu- 
retted hydrogen is employed. 

If the solution contained hydrochloric or nitric acid, and this 
w^as not first removed before the addition of the hyposulphite, the 
precijiitant would be required in much larger quantity ; in the 
}>resence of hydrochloric acid because the subchloride of copjier 
produced is only decomposed by a large excess of hyposulphite, in 

* Journ. f. prakt. Chem. 66, 166. + Ih. 77, 75. 

t Ih. 61, 136. § Fogg. AnnaL 110, 417. 

II The commeroial salt is often not sufficiently pure ; in which case some carbonate 
of soda must be added to its solution, and the mixture filtered. 

^ As far back as 1842, C. Himli made the first proposal to employ hyposulphite 
of soda for the preci rotation of many metals as sulphides (Annal. d. Chem. u. Pbarm. 
43, 150). The question, after long neglect, was afterwards taken up again by Vohl 
(A niial. d. Chem. u. Pharm. 96, 237), and Slater (Chem. Gaz. 1856, 369). Fla- 
JOLOT, liowever, made the first quantitative^experimenta (Annal. des Mines, 1853, 641 ; 
Joum. f. prakt Chem. 61, 105), Die results obtained by him are perfectly satib- 
faetory. 
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the presence of nitric acid because the hyi)osulphite does not begin 
to act on the copper salt till all the nitric acid is decomposed. 

h, Preci})itate the copper as suhwlphoct/aaidr according to § 119, 132 
3, or 4, c; the other metals remain in solution (Kivot). If 
alkalies were present and it were desired to determine them in the 
filtrate, sulphocyanide of ammonium must be used instead of the 
potassium salt usually employed. This method is particularly well 
adapted for the separation of copper from zinc. The zinc can be 
})recipitated at once from the filtrate by carbonate of soda. The 
method is also suitable for separating copper from iron (H. Rose*) ; 
in this case it is unnecessary that the sesquioxide of iron be com- 
pletely reduced by tlie sulphurous acid added ; the separation may 
he effected, even if the solution becomes blood- red on the addition 
of the precipitant. 

c. The method of precipitating the copper by addition of a 133 
solution of iodine in sulphurous acid, after removal of the greater 
portion of the free acid present and addition of sulj»hurous acid 
which has been so often recommended, and was })roj)()sed by Fla- 
JOLOT,f has been declared by H. RoseI to give inaccurate results, 
because a not inconsiderable amount of co{)per remains in solution. 

This difficulty may be avoided b}" adding to the hydrochloric solu- 
tion containing a slight excess of acid protochloride of tin in excess, 
chloride of ammonium, and then iodide of potassium, till the latter 
just predominates (E. Fleischek§). As, however, the filtrate will 
contain the excess protochloride of tin and the bichloride produced, 
wliich would liave to be removed liefore tlie bases of groups 1 — I 
could be determined, this method offers no advantages. 

d. If the solution is not too dilute, if the bases are present as 134 
suljihates, and if hydrochloric and nitric acids are absent, the co}»j)er 
may also be comjdetely thrown down by ulhaVme hypophoxphxtv. 
Hydride of copper is jirecijiitated at about ?0°, and this at a higher 
temperature, which sh(>uld not be allowed to exceed 90°, is de- 
composed into copper and hydrogen. The precipitation is com- 
pleted when a drop takep out is not coloured brown by sulphuretted 
iiydrogen. Wash the spongy copper by decantation, dry it, and 
ignite in a current of hydrogen. The se]>aration is thorough (W. 
Gibbs and R. Chauvenet||). The method is particularly useful 

for separating copper from the metals of Group 4, which may 
then be thrown down from the filtrate by sulphide of ammonium. 

e. The solution should be free from hydrochloric acid, and 135 
should contain a certain quantity of free nitric acid (20 c.c. nitric 
acid of 1'2 sp. gr. to 200 c.c.), and some sulphuric acid. Throw 
down the copper by a galvanic current, so that the metal may be 
firmly deposited on a platinum vessel (preferably a jilatinum cone), 
which forms the negative pole. Take care that the current is 
strong enough, and, without interrupting it, remove the cone from 

the fluid occasionally to see wdien the copjier is all precipi tatted. 
With proper execution the separation of copj)er from all metals of 
GrouT)s 1 — 4 is thorough. All metals of Groups 1 — 4 remain 
dissolved, except manganese, which separates as binoxide at tlie 
positive pole. The method requires practice and strict attention to 

* Fogg. Annal. 110, 424. f Anna!, des Mines, 1868, 641. 
t Fogg. Anual. 110, 425. § Zeitschr. f, anal. Cbem. 9, 266. || /6. 7, 256. 
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the conditions which have been determined by a long course of 
experiments. It is particularly suited for mining assays and 
manufactures. The electrolytic method of separating copper was, 

I believe, first recommended by Gibbs,* and afterwards improved 
by LucKow.f Lecoq de Boisbaudran,J ULLaREN,§ and 
MerrickII have also written on this subject. Finally the method 
was very accurately and minutely described by the Manslelder 
Ober-Berg- und Hiittendirection at Eisleben,1I who, after giving a 
prize to Luckow’s method, afterwards adopted it, and still further 
im])roved it. I must refer the reader for details to the last men- 
tioned memoir and Luckow^s pa})er. 

5. Oxide of Copper from Oxide of Zinc. 

a, Bobierre** em])loyed the following method with satisfac- 136 
tory results in the analysis of many alloys of zinc and copper : — 

The alloy is put into a jiorcelain boat lying in a porcelain tube, 
and heated to redness for three-quarters of an hour at the most, 
a rajiid stream of hydrogen gas being conducted over it during 
the ])rocess. The zinc volatilizes, the cojiper remains behind. If 
the alloy contains a little lead (under 2 to 8 per cent.) this 
goes olf entirely with the zinc, and is partly deposited in the 
porcelain tube in front of tlie boat ; if more lead is jiresent 
part only is volatilized, the rest remaining with the copper 
(M. BuiisTYNtt)* 

Ik a. W. Hofmann’s method given below (159) for sepa- 137 
rating co]>per and cadmium, namely, boiling the jirecipitated 
sulphides with dilute suljihunc acid, is also adajited for separating 
cojijier and zinc (G. C. WittsteinH). 

(). Oxide of Copper from Sesqpioxide of Iron. 

One of the oldest mc'thods for separating these oxid»'s consists 138 
in ])recipitating the solution with ammonia and filtering oft* the 
oxide of iron fnun the ammoriiacal solution of oxide of copper. 

To obtain accurate results, however, the precipitation must be 
rejieated according to the quantity of ccqqier, two or three times — 
in fact, till the filtrate no longer appears blue, otherwise the ses- 
quioxide of iron will contain copjier. 

?. Oxide of Copper from Protoxide of Nickel. 

Evaporate the nitric acid solution, if such is given, with addi- 139 
tion of hydrochloric acid, to dryness, dissolve the chlorides in 
water, ad\l about twice the quantity of the metals jiresent of pure 
bitartrate of potassa, warm slightly, to favor solution, and and a 
solution of potassa in alcohol gTadually, till the first-formed pre- 
cipitate, consisting of hydrated oxides, has redissolved. After 
cooling add a solution of pure grape sugar and boil for 1 or 2 
minutes. The copper falls down as suboxide. After you have 
satisfied yourself, by the addition of a drop of sugar solution to 
the clear &uid, that the preci])itation is complete, filter, and deter- 

♦ Zeitschr. f. anal. Ghem. 3, 334. 

t Dingler’s polyt. Journ. 177, 296 and (in detail), Zeitschr. f. anal. Chem. 8, 25. 

X Zeitschr. f. anal. Chem. 7, 253, and 9, 102. § Ib. 7, 255. 

II American Chemist, 2, 136. HI Zeitschr. f. anal. Chem. 11, 1. 

** Compt. rend. 36, 224 ; Journ. f. prakt. Chem. 58, 3S0. 

+t Zeitschr. f. anal. Chem. 11, 175. 

Xt VierteljahrsBchr. f. prakt. Pharm. 17, 461 ; Zeitschr. f. anal. Chem. 8, 202. 
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mine the copper either as oxide (by ignition, treatment with nitric 
acid and reignition) or as subsul})hiae (§ 119, 3, c) or volumetri- 
ealiy (§ 119, 4, e). The fluid containing the nickel is evaporated 
to dryness, the residue ignited, the carbonate of potassa removed 
by Washing, the residue reignited, dissolved in aqua regia, and 
the nickel precipitated by potassa according to § llO, 1, a (De- 
wiLDE*). The oxide of copper must be filtered off and washed 
rapidly, otherwise a part will be redissolved ; the method is 
troublesome and by no means more accurate than the separation by 
sulphuretted hydrogen. 

8. Teroxide of Bismuth from the Oxides of the 
FIRST Four Groups, with the Exception of Sesquioxide 
OF Iron. 

Precipitate the bismuth according to § 1130, 4, as basic chloride, 140 
and determine it as metal ; all the other buses remain completely 
in solution. Results very satisfactory (H. RosEf). 

9. Oxide of Cadmium from Oxide of Zinc. 

Prepare a hydrocliloric or nitric acid solution of the two oxides, 141 
as neutral as ])ossible, add a sufficient quantity of tartaric acid, then 
solution of potassa or soda, until the reaction of the clear fluid is 
distinctly alkaline. Dilute now" wdtli a sufficient quantity of w^ater, 
and boil for 1^-2 hours. All the cadmium precijiitates as hydrated 
oxide free from alkali (to be determined as directed § 121), whilst 
the whole of the zinc remains in solution ; the latter metal is de- 
termined as directed in § 108, 1, ?? (Aubel and RamdohrI). The 
test-analyses communicated are satisfactory. As the separation 
only succeeds when the substances are present in correct [>ropor- 
tions, I will add the quantities employed by Aubel andllAMDOHR 
w’ith especially good effect. About 1 grm. oxide of zinc and 
1 grm. oxide of cadmium w^ere dissolved in hydrochloric acid, 

30 grm. solution of tartaric acid (containing *23 trrm. acid in 
1 gnn,), 30 grm. soda solution of 1*10 sj). gr., and 120 grm. water 
added, and the \Nhole boiled 2 hours. (The boiling must on no 
account be done in glass, a platinum or silver dish should be used.) 

10. Protoxide of Manganese from Oxide of Lead, 
Teroxide of Bismuth, Oxide of Cadmium, and Oxide 
of Copper. 

If you have a solution containing protoxide of manganese and 142 
one of the other buses, jirecipitate the hot solution wutli carbonate 
of soda, wash the precipitate with boiling water, first by decanta- 
tion, then on the filter, dry, ignite some time, weigh, and deter- 
mine, in a portion of the residue, the manganese by the volumetric 
method ( 72 )* If the oxide of lead, of copper, of cadmium, or the 
teroxide of bismuth is present in sufficient quantity, the residue 
has the formula Mn.Pj,*f a?MO or Mn^Og-^BiO^ (Krieger^). You 
must never omit adding some sulphide of ammonium to the 
filtrate, to ascertain wdiether the oxides have been entirely preci- 
pitated by carbonate of soda. 

In precipitating copper by alkaline carbonates the fluid must 
be diluted so that 1 litre may not contain more than 1 grm. copper, 

♦ Chetn. News, 7, 49. + Popg. Annul. 110, 429. 

% Annul, d. Chem. u. Pbarm. 103, 83. § 76. 87, 264. 
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the precipitant must be added in slight excess, and the mixture 
boiled for about half an hour, when the bluish-green basic car- 
bonate will become dark, granular, and easy to wash (W. Gibbs 
and E. R. Taylor*). 

II. Separation of the Oxides of the Fifth 
Group from each other. 


§ 163 . 

Index : — ^The Nos. refer to those in the margin. 

Oxide of silver from oxide of copper, 143, 148, 150, 164, 165. 

,, oxide of cadmium, 143, 148, 150. 

„ teroxide of bismuth, 143, 147, 150, 161. 

,, oxide of mercury, 143, 148, 150, 158, 160. 

oxide of lead, 143, 146, 147, 150, 155, 164, 165. 

Oxide of mercury from oxide of silver, 143, 148, 150, 158, 160. 

,, suboxide of mercury, 144. 

„ oxide of lead, 145, 146, 147, 150, 158, 160. 

,, teroxide of bismuth, 145, 147, 150, 151, 158. 

,, oxide of copper, 145, 149, 150, 158, 160. 

,, oxide of cadmium, 145, 150, 158. 

Svhoxide of mercury from oxide of mercury, 1 44. 

,, oxide of copper, 144. 

,, oxide of cadmium, 144. 

,, oxide of lead, 144, 146. 

Compare, also, Oxide of mercury from the other metals. 

Oxide of lead from oxide of silver, 143, 147, 150, 155, 164, 165. 

,, oxide of mercury, 145, 146, 147, 150, 158, 160. 

,, suboxide of mercury, 144, 146. 

,, oxide of copper, 146, 147, 150, 152. 

,, teroxide of bismuth, 146, 147, 152, 161, 162. 

,, oxide of cadmium, 146, 147, 150. 

Teroxide of bismuth from oxide of silver, 143, 147, 150, 161. 

„ oxide of lead, 146, 147, 152, 161, 162. 

„ oxide of copper, 147, 150, 151, 153, 161. 

,, oxide of cadmium, 147, 150, 151, 153, 157. 

,, oxide of mercury, 145, 147, 150, 151, 158. 

Oxide of copper from oxide of sdver, 143, 148, 150, 164, 165. 

,, oxide of lead, 146, 147, 150, 152. 

,, telo^ideof bismuth, 147, 150, 151, 153, 161. 

,, oxide of mercury, 145, 149, 150, 158, 160. 

,, suboxide of mercury, 144. 

„ oxide of cadmium, 149, 150, 152, 154, 156, 159. 

„ suboxide of copper, 163, 165. 

Oxide of cadmium from oxide of silver, 143, 148, 150. 

„ oxide of lead. 146, 147, 150. 

,, teroxide of bismuth, 147, 150, 151, 152, 157. 

,, oxi<le o^ copper, 146, 150, 152, 154, 156, 159. 

,, oxide of mercury, 145, 150. 158. 

,, suboxide of mercury, 144. 


1 . Methods hosed vpon. the Insohihihty of certain of the Chlorides 
in Water or Spirit of Wine. 

a. Oxide of Silver from Oxide of Copper, Oxide of 
Cadmium, Teroxide of Bismuth, Oxide of Mer- 
cury, and Oxide of Lead. 

a. To separate oxide of stiver from oxide of copper, oxide ^143 
cadmium, ana teroxide of bismuth, add to the nitric acid solution 
containing excess of nitric acid, hydrochloric acid as long as a 

* Zeitsohr. f. anal. Chem. 7, 258. 
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precipitate forms, and separate the precipitated chloride of silver 
from the solution which contains the other oxides, as directed 
§ 115, 1, a. In the presence of bismuth, after pouring- off the 
su{)ernatant fluid, heat ag-ain with nitric acid, and wash with dilute 
nitric acid before washing with water. 

/3. If you wish to separate oonde of m(rcury from oxide of silver 
by hydrochloric acid, sj>ocial precautions must be taken, as a solu- 
tion of nitrate of mercury possesses the property of dissolving 
chloride of silver (Wackenkoder, v. Liebig,* *H. Debra vt). 
Although the chloride of silver in solution for the most })art 
separates on the addition of enough hydrochloric acid to convert 
the nitrate of mercur}'' into chloride, or on addition of acetate of 
soda, still we cannot dejiend upon the comjdete ja-ecijntation of 
the silver. On this account, mix the nitric acid solution —which 
may not contain any suboxide of mercury, and is to be in a 
sufficiently dilute condition and acidified with nitric acid — with 
hydrochloric acid, as long as a precijat ate forms. Allow to d(*])osit, 
filter off the clear fluid, heat tlie precipitate — to free it from any 
possibly copreci])itated basic mercury salts — with a little nitric 
acid, add water, then a few dro}>s of hydrochloric acid, and filter 
off the chloride of silver. In the filtrate determine the mercury 
as sulphide (§ 118, 8), and finally test this for silver, by ignition 
in a stream of hydrogen — any silver that may liappen to be present 
wdll remain behind in the metallic state. 

y. In the sejiaration of stiver from lend^ the preci])itation is 
advantageously preceded by addition of acetate of sodti. The fluid 
mu.st be hot and the hydrochloric acid rather dilute ; no more must 
be added of tlie latter than is just necessary. In this manner, the 
separation may b(‘ readily effected, since chloride of lead dissolves 
in acetate of soda (Anthon.) The chloride of silver is washed 
with hot water. The lead is thrown dowm from the filtrate w-ith 
sul})huretted hydrogen. If you de.sire to prevent the occasionally 
injurious inflimui t- ot acetate of soda, great care must be given to 
the wa.shing of the chloride of silver. It is also well to reduce 
the w^eighed chloride by gentle ig’iiition in a current of hydrogen 
and to test the .silver ootuined for lead. Regarding the estimation 
of very minute quantities of silver in lead, cornjiare Analysis of 
Refined Lead in the Special Part. 

b. The volumetric method (§ 115, 5) is usually resorted to 
in mints to determine the silver in alloys. In jiresence of oxide of 
mercury, acetate of soda is mixed with the fluid, iinm(‘diately 
before the addition of the solution of chloride of sodium. In the 
East India mint the silver is separated and weighed as chloride. I 

h . Suboxide of Mercury from the Oxides of Mercury, 
Copper, Cadmium, and Lead. 

Mix the highly dilute cold .solution with hydrochloric acid, as 144 
long as a precipitate (subchloride of mercury) forms ; allow this to 
deposit, filter on a weighed filter, dry at 100°, and weigh. The 
filtrate contains the other oxides. If you have to analyse a solid 
body, insoluble in water, either treat directly, in the cold, with 

* AnoaL d. Cbem. u. Pharm. 81, 128. 
t Coinpt. reud. 7(), 847 ; Zeitnclir. f. anal. Gbom 13, 349. 

X Chem. Ceutralbl. 1872, 202. 
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dilute hydrochloric acid, or dissolve in highly dilute nitric aeid, 
and mix the solution with a large quantity of water before proceed- 
ing to precipitate. Care must always he taken that the mode of 
solution is such as not to endanger the oxidation of the suboxide 
of mercury. If lead is present the washing of the subchloride 
must be executed with special care with water of 60 — 70°, till the 
filtrate ceases to be colored with sulphuretted hydrogen. As an 
additional security, it is well to test at last whether the weighed 
subchloride leaves no sulphide of lead behind on cautious ignition 
with sulphur in a stream of hydrogen. 

c. Oxide and Suboxide of Mercury from Oxide of 

Copper, Oxide of Cadmium, and (but less well) from 
Teroxide of Bismuth, and Oxide of Lead. 

If mercury is present as oxide or as oxide and suboxide, it is 145 
preciy)itated according to § 118, 2, by means of hydrochloric acid 
and ph()sj)horous acid as subchloride. The precipitate, particularly 
when bismuth is j)resent, is first washed with water containing 
hydrochloric; acid, then with pure water, till the washings are no 
longer colored with sulphuretted hydrogen (II. Rose*). In the 
j)re8ence of lead, the remarks in 144 must be attended to. 

d. The method of 6e{)arating oxide of lead from oxide of 
mercury, oxide of copper, and teroxide of bismuth, by highly 
concentrating the nitric acid solution, adding hydrochloric acid 
and alcohol, and washing the chloride of lead with alcohol, cannot 
be recommended. It is unequal in accuracy to the following 
method (146)' 

2. Method'S based upon the Insolubility of Sulphate of Lead, 

Oxide of Lead from all other Oxides of the Fifth 
Group. 

Mix the nitric acid solution vnth pure sulphuric acid in not 146 
too slight excess, evayiorute until the sulphuric acid begins to 
volatilize, allow the fluid to cool, add water (in which, if there is 
a suflicient quantity of free sulydiuric acid present, the sulphates 
of mercury and of bismuth dissolve comjiletely), and then filter 
the solution, which contains the other oxides, withimt delay from 
the undissolved sulphate of lead. If it is feared that the residue 
no longer contains enough free sulphuric acid, add some dilute 
acid to it before adding the water. Wash tlie precipitate with 
water containing sulphuric acid, displace the latter wim spirit of 
wine, dry, and weigh (§ 116, 3). Precipitate the other oxides from 
the filtrate by sulphuretted hydrogen. If oxide of sHiut is present 
in any notable quantity, this method cannot be recommended, as 
the sulphate of silver is not soluble enough. In this case you may 
follow Eliot and Storek,! viz., mix the solution with nitrate of 
ammonia, warm, precipitate the greater portion of the silver with 
chloride of ammonium, evajiorate the filtrate, remove the ammonia 
salts by ignition, and in the residue separate the small remainder 
of the silver from the lead with sulphuric acid as just directed. 

* Pogg. Annal. 110, 634. 

+ Proceedings of the American Academy ot Arts and Sciences, Sept. 11, 1860, 
p. 62 : Zeitsebr. f. anal. Chem. 1, 389. 
quant. VOL. I. 
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For the separation of lead from Usmuth, on the above principle, 

H, Rose* gives the following process as the best. If both oxides 
are in dilute nitric acid solution, as is usually the case, evaporate 
to small bulk, and add enough hydrochloric acid to dissolve all the 
teroxide of bismuth ; the lead separates partially as chloride. 
Should a portion of the clear fluid poured oif become turbid on the 
addition of a drop of water, you must add some more hydrochloric 
acid, till no permanent turbidity is produced unless several drops 
of water are added. The turbid fluids should all be returned, and 
the glasses rinsed with alcohol. Add now dilute sulphuric acid, 
allow to stand some time with stirring, add spirit of wine of *8 sp. 
gr., stir well, allow to settle for a long time, filter, wash the 
sulphate of lead first with alcohol, mixed with a small quantity of 
hyarochloric acid, then with pure alcohol. Determine it after 
§ 116, 3. Mix the filtrate at once with a large quantity of water, 
and proceed with the precipitated basic chloride of bismuth 
according to § 120, 4. 

3. Methods hnsvd npmi the dijfmmt Deportment of the Oxides and 
Sulphides, with Cyanide of Potassium (Fresenius and 
HaidlenI). 

a. Oxide of Lead and Teroxide of Bismuth from all 
OTHER Oxides of the Fifth Group. 

Mix the dilute solution with carbonate of soda in sliyht excess, 147 
add solution of cyanide of potassium (free from sulphide), heat 
gently for some time, filter and wash. On the filter you have 
carbonate of lead and of bismuth (containing alkali) ; the filtrate 
contains the other metals as cyanides in combination with cyanide 
of potassium. The method of effecting their further sej)aration 
will be learnt from what follows. In very accurate analyses bear 
in mind that the filtrate generally contains traces of bismuth, 
which may be precipitated by sulphide of ammonium. 

h. Oxide op Silver from Oxide of Mercury, Oxide of 
Copper, and Oxide of Cadmium. 

Add to the solution, which, if it contains much free acid, 148 
must previously be nearly neutralized with soda, cyanide of 
Tiotassium until the precipitate which forms at first is redissolved. 

The solution contains the cyanides of the metals in combination 
w'ith cyanide of potassium as soluble double salts. Add dilute 
nitric acid in excess, which effects the decomposition of the double 
cyanides ; the insoluble cyanide of silver precipitates permanently, 
whilst the cyanide of mercury remains in solution, and the 
cyanides of copper and cadmium redissolve in the excess of nitric 
acid. Treat the cyanide of silver as directed § 115, 3. If the 
filtrate contains only mercury and cadmium, precipitate at once 
with sulphuretted hydrogen, which completely throws down the 
sulphides of the two metals ; but if it contains copper, you must 
first heat with sulphuric acid, until the odor of hyarocyanic acid 
is no longer jierceptible, and then precipitate with sulphuretted 
hydrogen (§ 119, 3). 

* Fogg. Annal 110, 482. 


t Annal. d. Chetn. u. Pharm. 43, 129. 
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c . Oxide of Copper from Oxide of Mercury, and Oxide 
OF Cadmium. 

Mix the solution, as in &, with cyanide of potassium until the 149 
precipitate which is first thrown down redissolves ^ add some 
more cyanide of potassium, then sulphuretted hydrogen water or 
sulphide of ammonium, as long as a precipitate forms. The 
sulphides of cadmium and mercury are completely thrown down, 
whilst the copper remains in solution, as sulphide dissolved in 
cyanide of potassium. Allow the precipitate to subside, decani 
repeatedly, treat the precipitate, for security, once more with 
solution of cyanide of potassium, heat gently, "filter, and wash the 
sulphides of the metals. To determine the copper in the filtrate, 
evaj)orate the latter, with addition of nitric and sulphuric acids, 
until there is no longer any odor of hydrocyanic acid, and then 
precipitate with sulphuretted hydrogen (§ 119, 3). 

d . All the Metals of the Fifth Group from each 

OTHER. 

Mix the dilute solution with carbonate of soda, then with 150 
cyanide of potassium in excess, digest some time at a gentle beat, 
and filter. On the filter you have carbonate of lead and of 
bismuth (containing alkali) ; separate the two metals by a suitable 
method. Add to the filtrate dilute nitric acid in excess, warm 
gently till the siibcyaiiide of copper first precipitated with the 
cyanide of silver has redissolved, and filter off the undissolved 
silver salt, which is to be determined as directed § llo, 3. Neutralize 
the filtrate with carbonate of soda, add cyanide of potassium, and 
pass sulphuretted hydrogen in excess. Add now some more 
cyanide of potassium, to redissolve the sulphide of copper which 
may have fallen down, and filter the fiuia, which contains the 
whole of the copper, from the precipitated sulphides of mercury 
and cadmium. Determine the copper as directed in c, and 
separate the mercury and cadmium as in 145 or 158 * 

4. Mvthod^s hiscd on the Formation and Separation of insoluble 
Basic Salts, 

a, Teroxide of Bismuth from Oxides of Copper, Cad- 
mium, and Mercury (also from the oxides of the first four 
groups, with the exception of oxide of iron). 

Precipitate the bismuth as basic chloride according to § 120, 4, 151 
and throw down the copper, & c , in the filtrate by sulphuretted 
hydrogen. Results thorouglily satisfactory (H. Rose'*'.) 

b . Teroxide of Bismuth from Oxides of Lead and 
Cadmium. 

Separate the bismuth according to § 120, 1, e. as basic nitrate, 152 
and precipitate the lead and cadmium in the filtrate by sulphuretted 
hydrogen. Results very satisfactory (J. LowEf.) 

* Pogg. AnnaL 110, 430. + Joum. f. prakt. Ohem. 74, 846. 
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0 . Teroxide of Bismuth and Oxide of Copper from 
Oxides of Lead and Cadmium. 

Separate the bismuth after § 120, 1 , c, as basic nitrate, then 
heat the dish on the water-bath till the neutral nitrate of copper is 
completely converted into bluish-ffreen basic salt and no blue 
solution is produced on addition oi water. Allow to cool, treat 
with an aqueous solution of nitrate of ammonia (1 in 600), filter, 
wash with the same solution, and separate in the solution lead 
from cadmium ; in the residue copj)er from bismuth. Results 
very satisfactory (J. Lowe, loc, 

6. Methods based upon the Solubility of some of the Oxides in 
Amnumia^ or Carbonate of Amownia, 

a. Oxide of Copper from Teroxide of Bismuth. 

a. Mix the (nitric acid) solution with carbonate of ammonia in 153 
excess, and warm gently. The bismuth separates as carbonate, 
whilst the carbonate of copper is redissolved by the excess of car- 
bonate of ammonia. As the precipitate, however, generally 
retains a little copper, it is necessary to redissolve it, after washing, 

in nitric acid, and precipitate again with carbonate of ammonia ; 
the same operation must be repeated a third time if required. 
Some solution of carbonate of ammonia may be added to the water 
used for washing. Apply heat to the filtrate that the carbonate of 
ammonia may volatilize, acidify cautiously with hydrochloric acid, 
and determine the coj>per as subsulphide (§ IH), d). The oxide of 
bismuth thus obtained is quite co{)per-free, but a little bismuth 
passes into the copper solution, hence the separation does not give 
such exact results as that in 151 (H. Rose*). 

/y. Mix the solution with some chloride of ammonium, and drop 
it gradually into dilute ammonia. The bismuth is precipitated as 
a basic salt, whilst the oxide of cojiper remains in solution as an 
ammoniacal doubie salt (Berzelius). Wasli the precipitate with 
dilute ammonia, dissolve in dilute nitric acid, and determine as 
directed § 120. Determine the copper in the ammoniacal solution. 

In this method, also, it is advisable to preci])itate twice, as in a. 

b. Oxide op Copper from Oxide of Cadmium. 

Add carbonate of ammonia in excess. Carbonate of cadmium 154 
separates, wliilst the oxide of cojiper remains in solution with 
some oxide of cadmium. Upon ex])osure to air, the latter separates, 
the copper remaining in solution (8tromeyer). Treat the filtrate 
as in 153 • The process is more convenient than 149 or 159 ? but 
the separation is less complete. 

c. Chloride of Lead and Chloride of Silver may be 155 
separated also by solution of ammonia, which dissolves the latter, 
leaving the former behind as basic salt. Bear in mind that the 
chloride of silver must be recently precipitated, and with ex- 
clusion of light. The chloride of silver is thrown down from the 
ammoniacal solution by nitric acid. It is necessary to test the 
fluid filtered from the chloride of silver with sulphuretted hydrogen 

to ascertain whether weighable quantities of chloride of silver 

* Pogg. Aanal. 110, 480. 
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may not be retained in solution by the af^ency of the ammonia 
salts. 


6. Method based on the Precipitation of the Copper as Subsulpho- 
cyanide. 

Oxide op Copper from Oxide of Cadmium (and the oxides 
of Groups 1 . — IV. comp. 132). 

Precipitate the copper according to § 119, 3, as subsulpho- 156 
cyanide (Rivot), and the cadmium from the filtrate as sulpWe. 
Results good (H. Rose). Palladium may also be separatea from 
copper in this way (W6hler*). 

?. Method based upon the different Deportment of the Chromates. 

Bismuth from Cadmium. 

Precipitate the bismuth as directed § 120, 2. The filtrate con- 157 
tains the whole of the cadmium. Concentrate by evaporation, and 
then precipitate the cadmium by the cautious addition of carbonate 
of soda, as directed § 121, 1, a (J. LdWE,t W. Pearson^). The 
results given are satisfactory. 

8. Method based upon the different Deportment of the Sulphides 

with Acids. 

a. Oxide op Mercury from Silver, Bismuth, Copper, 
Cadmium, and (but less well) from Lead. 

Boil the thoroughly washed precipitated sulphide with perfectly 158 
pure moderately dilute nitric acid. Ihe sulphide of mercury is left 
undissolved, the other sulphides are dissolved. No chlorine may 
be present, and it is necessary that the sulphide of mercury should 
be pure, that is, free from finely divided mercury, which, as is well 
known, is precipitated when subsalts of mercury are treated with 
sulphuretted hydrogen. G. v. Rath§ employed this method, 
which is so universally used in qualitative analysis, with perfect 
success for the separation of mercury from bismuth. 

b. Oxide of Copper from Oxide of Cadmium. 

Boil the well-washed precipitate of the sulphides with dilute 159 
sulphuric acid (1 part concentrated acid and 5 parts water), and, 
after some time, filter the undissolved sulphide of copper, to be 
determined according to § 119, 3, from the solution containing the 
whole of the cadmium (A. W. Hofmann||). 

9. Methods based upon the YoUitilUy of some of the Metals ^ Oxides, 

Chlorides, or Sulphides at a hiyh Temperature. 

a. Mercury from Silver, Lead, Copper (in general from 160 
the metals forming non-volatile chlorides). 

Precipitate with sulphuretted hydrogen, collect the precipitated 
sulphides on a weighed niter, dry at 100 , weigh, and mix uniformly. 
Introduce an aliquot part into the bulb D (fig. 100), pass a slow 
stream of chlorine gas, and apply a genUe heat to the bulb, in- 

* Annal d. Chem. u. Pbarm. 140, 144 ; Zeitsehr. f. anal. Chem. 5, 403. 

f Jouru. f. prakt. Chem. 67, 469. t Phil. Mag. 11, 204. 

§ Pogg. Annal. 96, 822. | Anna! d. Chem. u. Pbarm. 115, 286. 
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wwing thw gr*du>llT to fiuot rednew. noniioct O dnrin- tho 
operation with a carlw? containiiifr mowf hydnife of lime. First 
chloride of ^!ulphur distils over, which decompo^*s with the water 
in E and F (p. 385) ; then the chloride of mercury formed 
volatilizes, condensing partly in £, partly in the hind part of 0. 



Fig. 106. 

Cut off that part of the tube, rinse the sublimate with water into 

and mix the contents of the latter with the water in F. Mix 
the solution with excess of ammonia, warm gently till no more 
nitrogen is evolved, acidify with hydrochloric acid, and then 
determine in the fluid filtered from the sulphur which may still 
remain undissolved, the mercury as directed § 118, 3. If the 
residue consists of chloride of silver alone, or chloride of lead 
alone, you may weigh it at once ; but if it contains several metals, 
you must reduce the chlorides by ignition in a stream of hydrogen, 
and dissolve the reduced metals in nitric acid, for their ulterior 
separation. Bear in mind that, in presence of lead, the suljihides 
and the chlorides must be heated gently, in the chlorine and 
hydrogen respectively, otherwise some chloride of lead might 
volatilize. 

If it is intended to determine the mercury by the difference, 
instead of in the direct way, the apparatus may be much simplified. 
In this case, however, great care must be bestowed on the drying 
of the sulphides at 100°. Hence the method should only be 
adopted when a small quantity only of another metal is present 
with the mercury. Weigh the dried precipitate every half hour, 
and take the lowest weight as the correct one. Then ignite an 
aliquot part of the precipitate in the stream of hydrogen in a 
crucible with perforated cover, or in a tube with porcelain Iwat. 
The method cannot be applied unless only one metal is present 
with the mercury. From uie residue in the crucible or boat reckon 
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how much the whole precipitate, dried at 100®, would have 
yielded, then calculate the result into sulphide, in which form the 
substance was contained in the dried precipitate — the difference 
is sulphide of mercury. By ignition in hydrogen sulphide of 
silver yields the metal, sulphide of copper the subsulphide. In the 
presence of lead the last method is inapplicable, as sulphide of 
lead readily loses weight in a current of hydrogen (§ 88,^/% 

In alloys or mixtures of oxides the mercury may usually be 
determined with simplicity from the loss on ignition in the air 
or in hydrogen. 

h Teroxide of Bismuth from Oxides of Silver, Lead, 

AND Copper. 

The separation is effected exactly in the same way as that of 161 
mercury from the same metals ( 160 )> The method is more 
especially convenient for the separation of the metals in alloys. 

Care must be taken not to heat too strongly, as otherwise 
chloride of lead might volatilize ; nor to discontinue the application 
of heat too soon, as otherwise bismuth would remain in the re- 
sidue. Aua. VoQEL* gives 800® to 8?0® as the best temperature. 

Put water containing hydrochloric acid in E and F (tig. 100), 
and determine the bismuth therein according to § 120. 

10. Prpcipkathm of one Metal in the MctalXu State hy another 
or thi' lower oueide of atwtker, 

a. Oxide of Lead from Teroxide of Bismuth. 

Precipitate the solution with carbonate of ammonia (§ 116, 1, a 162 
and § 120, 1, «), wash the precipitated carbonates, and dissolve in 
acetic acid, in a flask ; place a weighed rod of pure lead in the 
solution and nearly fill up with water, so that the rod may be 
entirely covered by the fluid ; close the flask, and let it stand for 
about 12 hours, with occasional shaking. Wash the precipitated 
bismuth oft’ from the lead rod, collect on a filter, w’^ash, and dis* 
solve in nitric acid ; evaporate the solution, and determine the 
bismuth as directed § 120. Determine the lead in the filtrate as 
directed §116. Dry the leaden rod, and weigh; subtract the 
loss of weight whicli the rod has suffered in the process, from the 
amount of the lead obtained from the filtrate (ULLORENf). 
Patera! recommends precipitating from dilute nitric solution, 
washing the precipitated bismuth first with water, then with 
alcohol, transferring to a small filter, drying and weighing. If it 
is feared that the finely divided bismuth has undergone oxidation, 
it is well to fuse it with cyanide of potassium (§ 120, 4). 

h, SuBoxiDE OF Copper from the Oxide. 

Suboxide of copper may be determined with accuracy in 163 
presence of the oxide with the aid of a solution of nitrate of silver. 

The action of this salt upon suboxide of copper was first studied 
by H. Ilo8E.§ According to Hamp£,|| who further examined the 

♦ Zeitscbr. f. anal. Chem. 18, 61. f Berzelius’ Jahresber. 21, 148, 

X Zeitscbr. f. anal Chem. 5, 226. § Journ. f. prakt. Chem. 71, 412. 

II Zeitschr. f. anal Chem. 18, 207. 
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matter with the greatest care, the action is as follows, sufiScient 
dilution and a very g-entle heat being* implied : 3Cu,0 + 3(AgO, 
NOJ + J7HO = (4CuO, NO, + 3HO) -f 2 (CuO,]NO,) + 3Ag + 

HO. To the very finely divided mixture of the oxides add 200 
times their amount of water, and an excess of perfectly pure neutral 
nitrate of silver, warm to 40*^, allow to stand for three days, filter, 
wash, dissolve the precipitate in nitric acid, and estimate the silver 
therein as chloride. 3 eg. silver found correspond to 6 eq. copper 
present as suboxide. Determine in a second portion of the 
substance the total quantity of copper, and then find the quantity 
present as oxide by difference. 

11, 8q[)aratwn of Silver hy Cupellatim, 

CuPELLATiON was formerly the universal method of deter- 164 
mining silver in alloys with copper, lead, &c. The alloy is 
fused with a sufficient quantity of pure lead to give to 1 part of silver 
16 to 20 parts of lead, and the fused mass is heated, in a muffle, In 
a small cupel made of compressed bone-ash. Lead and copper 
are oxidized, and the oxides absorbed by the cupel, the silver being 
left behind in a state of purity. One part by weight of the cu{)ei 
absorbs the oxide of about 2 parts of lead ; the quantity of the 
sample to be used in the experiment may be estimated accordingly. 

This method is only rarely employed in laboratories; 1 have given 
it a place here, however, because it is one of the safest processes 
to determine very small quantities of silver in alloys.* With re- 
gard to details, I refer to the Determination of Silver in Galena,’^ 
in the Special Part. 

12. Methods dependiny on the Volumetric Estimation of me oxide. 

a. Suboxide of Copper in presence of the OxiDE.f 

Dissolve the substance, if necessary in a current of carbonic 165 
acid, in hydrochloric acid, and determine the chloride of copjier in 
solution wdth protochloride of tin (§ 119, 4, d). In a second por- 
tion of the substance estimate the total quantity of copper according 
to one of the methods given § 119. 

It results from the remarks on p. 261, that suboxide of copper 
in presence of oxide may also be estimated on the basis of the 
action of sesquichloride of iron upon the former. 

b . Oxide of Silver in presence of the Oxides of 
Lead and Copper. 

Small quantities of silver may be estimated by Pisan i^s 
method, § 115, II. 

* Compare Malaodti and Duroohxr, Compt. rend. 29, 689; Dinolkb, 115, 276. 
Aleo W. Hampe, Zeitscbr. f. anal. Chem. 11, 221. 

t The method of Comhaillk (Compt. rend. 56, 309) can no longer be relied upon, 
since Stas has shown that the finely divided silver thrown down jby aniiiioniaoal 
solution of subchloride of copper dissolves largely in ammonia with access of air. 
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TEROXIDE OP GOLD — BINOXIDE OF PLATINUM — PROTOXIDE OF TIN 

BINOXIDE OF TIN — TEROXIDE OF ANTIMONY — (aNTIMONIC 

acid) — AR8ENIOU8 ACID — ARSENIC ACID. 

I. Separation of the Oxides of the Sixth Group from the 
Oxides of the first Five Groups. 

§ 164. 

Index : — ^The Nos. refer to those in the margin. 

Ooldf from the oxides of Groups I. — TIL, 166, 171. 

„ „ IV., 166, 169, 171. 

„ silyer, 169, 188. 

,, mercury, 169, 182. 

„ lead, 169, 194. 

,, copper, 169, 171. 

,, bismuth, 169, 171, 194. 

,, cadmium, 169, 171. 

PlcUintm from the oxides of Groups I. — III., 166, 172. 

„ „ IV., 166, 170, 172. 

,, silver, 170, 188. 

„ mercury, 170, 172. 

,, lead, 170. 

,, copper, 170, 172. 

„ bismuth, 170, 172. 

„ cadmium, 170, 172. 

Tin from the oxides of Groups I. and II., 166, 175, 181. 

„ 111., 166, 175. 

„ zinc, 166, 168, 178, 175. 

,, manganese, 166, 168, 175. 

,, nickel and cobalt, 166, 168, 178, 175, 180. 

,, iron, 166, 168. 

„ silver, 167, 168, 178, 180. 

„ mercury, 167, 168, 173. 

„ lead, 167, 168, 173, 180. 

„ copper, 167, 168, 173, 175, 180. 

,, bismuth, 167, 168. 

,, cadmium, 167, 168, 173, 175. 

Antimony fiom the oxides of Groups 1. and II., 166, 178. 

„ „ m., 166 . 

„ zinc, 166, 168, 174. 

,, manganese, 166, 168. 

,, nickel and cobalt, 166,. 168, 174, 179, 180. 

„ iron, 166, 168, 178. 

„ sUver, 167, 168, 174, 180. 

,, mercury, 167, 168, 174, 176, 189. 

„ lead, 167, 168, 174, 180, 191. 

„ copper, 167, 168, 174, 178, 180, 192. 

„ bismuth, 167, 168. 

,, cadmium, 167, 168, 174. 

Arsenic from oxides of Group I., 166, 178, 184, 186, 187. 

„ „ II., 166, 177, 178, 184, 186, 187, 190. 

„ „ III., 166, 185, 186. 

„ zinc, 166, 168, 177, 183, 184, 186, 187. 

„ manganese, 166, 168, 177, 183, 185, 186, 187. 

„ nickel and cobalt, 166, 168, 177, 179, 180, 183, 184, 185, 186, 187. 

„ iron, 166, 168, 177, 178, 183, 185, 186. 

„ silver, 167, 168, 177, 180, 186. 

„ mercury, 167, 168, 186, 189. 

,, lead, 167, 168, 177, 180, 188, 184, 186, 190. 

„ copper, 167, 168, 177, 178, 180, 188, 184, 185, 186, 192, 198. 

„ bismuth, 167, 168, 177, 186. 

„ cadmium, 167, 168, 177, 184, 185, 186. 
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A. Oeneral Methods. 

1. Method hosed upm the Precipitation of Oxidis of the Sixth 
Group from Acid Solutions by Sulphuretted Hydroym, 

All Oxides of the Sixth Group from those of the 
FIRST Four Groups. 

Conduct into the acid* solution sulphuretted hydrogen in 166 
excess, and filter off the precipitated sulphides (corresponding to 
the oxides of the sixth group). 

The points mentioned 127, 3, awd y must also be attended 

to here. As regards y, antimony and tin are to be inserted between 
cadmium and mercury, in the order of metals there given. With 
respect to the particular conditions required to secure the proper 
precipitation of certain metals of the sixth group, I refer to 
Section IV. I have to remark in addition : — 

a. That sulphuretted hydrogen fails to separate arsenic acid 
from oxide of zinc, as, even in presence of a large excess of acid, 
tlie whole or at least a portion of the zinc precipitates with the 
arsenic (Wohler). To secure the separation of the two bodies 
in a solution, the arsenic acid must first be converted into arsenious 
acid, by heating with sulphurous acid, before the sulphuretted 
hyilrogen is conducted into the fluid. 

/3. That in presence of antimony, tartaric acid should be added, 
as otherwise the sulj)hide of antimony will contain chloride ; and 
that sulphide of antimony, when thrown down from a boiling 
solution bv sulphuretted hydrogen, becomes black after a time and 
so dense tbat it is deposited like sand, whereby the filtration and 
washing are much facilitated (S. P. ScHAFELERf). 

l2. Method hosed upon the Solubility of the Sulphides of the 
Metals of the Sixth Gro\ip%n Sulphides of the Alkali MetaU. 

a. The Oxides of Group VI. (with the exception of Gold 167 
and Platinum) i hom those of Group V. 

Precipitate the acid solution with sulphuretted hydrogen, 
paying due attention to the directions given in Section I V. under 
the heads of the several metals, and also to the remarks in 166* 

The precipitate consists of the sulphides of the metals of Groups V. 
and VI. Wash, and treat at once with yellow sulphide of ammo- 
nium in excess. (It is usually best to spread out the filter in a 
porcelain dish, add the sulphide of ammonium, cover with a large 
watch glass, and place on a heated water-bath. Unnecessary 
exposure to air should be avoided.) Add some water, filter off 
the clear fluid, treat the residue again with sulphide of ammonium, 
digest a short time, repeat the same operation, if necessary, a third 
and fourth time, filter, and wash the residuary sulj)hides of 
Group V. with water containing sulphide of ammonium. If proto- 
sulphide of tin is present, some flowers of sulphur must be added 
to the sulphide of ammonium, unless the latter be very yellow. 

In presence of copper, the sulphide of which is a little soluble in 
sulphide of ammonium, sulphide of sodium should be used instead. 

* Hydrochloric acid answers best as acidifying agent. 

t Berichte der deutschen cheoi. Gesellscb. 1871, 27il* 1 have myself confirmed 
these observations. 
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However, this substitution can be made only in the absence of 
mercury, since the sulphide of that metal is soluble in sulphide of 
sodium. 

Add to the alkaline filtrate, p^radually, hydrochloric acid in 
small portions, until the acid predominates ; allow to subside, and 
then filter off the sulphides of the metals of the sixth group, which 
are mixed with sulphur. 

Schneider* states that he failed in effecting complete separa- 
tion of bisulphide of bismuth from bisulphide of tin by digestion with 
sulphide of potassium, but succeeded by conducting sulphuretted 
hydrogen into the potassa solution of tartrate of teroxide of bismuth 
and protoxide of tin (which decompose into binoxide of bismuth 
and binoxide of tin). 

If a solution contains much arsenic acid in presence of small 
quantities of copper, bismuth, <fec., it is convenient to precipitate 
these metals (together with a very small amount of sulphide of 
arsenic) by a brief treatment with sulphuretted hydrogen. Filter, 
extract the precipitate with sulphide of ammonium (or sulphide of 
potassium), acidify the solution obtained, mix it with the former 
filtrate containing the principal quantity of the arsenic, and proceed 
to treat further with sulphuretted hydrogen (§ 127, 4, b). 

b. The Oxides of Group VI. (with the exception of Gold 168 
and Platinum) from those of Groups IV. and V. 

a. Neutralize the solution with ammonia, add chloride of ammo- 
nium, if necessary, and then yellow sulphide of ammonium in ex- 
cess ; digest in a closed flask, for some time at a moderate heat, and 
then proceed as in 167 * Repeated digestion with fresh quantities 
of sulphide of ammonium is indispensable. On the filter, you have 
the sulphides of the metals of Groups IV. and V. Wash with water 
containing sulphide of ammonium. In presence of nickel, this 
method offers peculiar difficulties ; traces of sulphide of mer- 
cury, too, are liable to pass into the filtrate. In presence of 
copper (and absence of mercury), soda and sulphide of sodium are 
substituted for ammonia and sulphide of ammonium.f 

In the analysis of solid compounds (oxides or salts), it is in 
most cases preferable to fuse the substance with 3 parts of dry car- 
bonate of soda and 3 of sulphur, in a covered porcelain crucible. 
When the contents are completely fused, and the excess of sulphur 
is volatilized, the mass is allowed to cool, and then treated with 
water, which dissolves the sulphosalts of the metals of the sixth 
group, leaving the sulphides of Groups IV. and V. undissolved. By 
this means, even ignited binoxide of tin may be readily tested for 
iron, &c., and the amount of the admixture aetermined (H. Rose). 

* Annal. d. Chem. u. Phann. 101, 64. 

t The accuracy of this method lias been called in question by BloxaM (Quart. 
Joum. Chem. Soc. 6, 119). That chemist found that sulphide of ammonium fails to 
, separate small quantities of bisulphide of tin from large quantities of sulphide of mer- 
cury or sulphide of cadmium (1 : 100) ; and that more especially the separation of 
copper from tin and antimony (also from arsenio) by this method is a failure, as nearly 
the whole of the tin remains with the copper. The latter statement I cannot confirm, 
for Mb. Looiua, in my laboratory, has succeeded in separating copper from tin by 
means of yellowish sulphide of st^ium completely ; but it is indispensable to digest 
three or four times with suffioiently large quantities of the solvent, as stated in the 
text 



li. Spectai Metkads, 

1. Methods based npm the Insolubility of some Metals of the 
Sixth Group in Acids. 

a. Gold from Metals of Groups IV. and V. in Alloys. 

a. Boil the alloy with pure nitric acid (not too concentrated), 169 
or, according: to circumstances, with hydrochloric acid. The other 
metals dissolve, the gfold is left. The alloy must be reduced to 
filing;^, or rolled out into a thin sheet. If the alloy were treated 
with concentrated nitric acid, and at a temperature below boiling*, 
a little gold might dissolve in consequence of the co-operation of 
nitrous acid. In the presence of silver and lead, this method is only 
applicable when they amount to more than 80 per cent., since other- 
wise they are not completely dissolved. Alloys of silver and gold 
containing* less than 80 per cent, of silver are therefore fused with 
3 parts of lead, before they are treated with nitric acid. The resi- 
duary gold is weighed ; but its purity must be ascertained, by dis- 
solving in cold dilute nitrohydrochloric acid, not in concentrated 
hot acid, as chloride of silver also is soluble in the latter. In the 
presence of silver a small quantity of its chloride is usually ob- 
tained here. If it can be weighed, it should be reduced and 
deducted. 

At the Mint Conference held at Vienna in 1857, the following 
process was agreed upon for the mints in the several states of 
Germany. Add to 1 part of gold, supposed to be present, parts 
of pure silver ; wrap both the alloy and the silver in paper together, 
and introduce into a cupel in which the requisite amount of lead is 
just fiising.f After the lead has been absorbed,! the button is 
flattened by hammering or rolling, then ignited and rolled. The 
rolls are treated first with nitric acid of 1*2 sp. gr., afterwards with 
nitric acid of 1*3 sp. gr., rinsed, ignited, and weighed.§ Even after 
boiling again with nitric acid of 1’8 sp. gr., they retain *75 to 1- 
thousandth of silver which will remain as chloride if the rolls are 
treated with cold dilute aqua regia (H. Rossler, loc. cit.). 

/3. Heat the alloy (previously filed or rolled) in a capacious pla- 
* Zeitschr. f. anal. Chem. 6, 405. 

4* If the weighed sample, say *25 grm., contains 98-92^ gold, 8 grm. of lead are 
required ; if 92-*87'6, 4 grm. ; if 87*6-75, 6 grm. ; if 76-80, 6 grm. ; if 60-35, 7 grm. ; 
if less thjm 85, 8 grm. 

t A small quantity of gold — from one to three thousandths — is always lost in 
oupellation. The loss increases with the amount of lead, and is also dependent on the 
proportion of silver to gold. The more silver present the less is the loss of gold, 
in large buttons the loss is less than in small ones (H. BdSHLSB, Ding, polyt. Joum. 
206, 186 ; Zeitschr. f. anal. Chem. 13, 87). 

§ Kunst- und Glewerbeblatt f. Baiem, 1857| 151 ; Chem. Centralbl 1857, 807 ; 
Polyt. Centralbl 1857, 1151, 1471, 1639. 
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tinum dish with a mixture of 2 parts pure concentrated sulphuric 
acid and 1 part water, until the evolution of ^as has ceasea, and 
the sulphuric acid bepns to volatilize ; or fuse the alloy with bi- 
sulphate of potassa (H. Rose). Separate the gold from the sul- 
phates of the other metals, by treating the mass with water which 
should finally be boiling. It is advisable to repeat the operation 
with the separated gold, and ultimately test the purity of the 
latter. In presence of lead this method is not good. 

y. The methods given in a and fi may be united, i.e.^ the 
cupelled and thinly-rolled metal may be first warmed with nitric 
acid of 1-2 sp. gr., then thoroughly washed, the gold boiled 5 
minutes with concentrated sulphuric acid, washed again, and 
ignited (Mascazzini, Bugatti). 

Platinum from Metals of Groups IV. and V., in 
Alloys. 

The separation is effected by heating the alloy in filings or foil 170 
with pure concentrated sulphuric acid, with acldition of a little 
water, or by fusing with bisuiphate of potash (169, ; but not with 

nitric acid, as platinum in alloys willj under certain circumstances, 
dissolve in that acid. 

2. Metfiod based upon the Separation of Gold in the metallic 

state. 

Gold from all Oxides of Groups I. — V., with the excep- 
tion of Oxide of Lead, Suboxide of Mercury, and Oxide 
OP Silver. 

Precipitate the hydrochloric acid solution with oxalic acid as 171 
directed § 123, h, y, or with sulphate of iron, § 123, b, a, and filter 
off the gold when it has completely separated. Take care to add a 
sufficient quantity of hydrochloric acid after the reduction to insure 
solution of any oxalates. In the presence of copper the addition of 
hydrochloric acid does not suffice, since the coprecipitated oxalate of 
copper will dissolve with difficulty in this acid. E. Purqotti* 
recommends in this case, after precipitation, adding potash cau- 
tiously to the boiling hot fluid till it is neutral, and then if neces- 
sary some neutral oxalate of potash. Double oxalate of copper 
and potash will be formed which dissolves with a blue color. The 
gold after washing will now be pure. 

3. Method based upon the Precipitation of Platinum cls Potassio- 

or Atninonuhbichloride of Platinum. 

Platinum from the Oxides of Groups IV. and V., with 
the exception of Suboxide of Mercury, Oxide of Lead, and 
Oxide of Silver. 

Precipitate the platinum with chloride of potassium or chloride 172 
of ammonium as directed § 124, and wash the precipitate 
thoroughly with spirit of wine. The platinum preparea from the 
precipitated ammonium or potassium salt is to be tested after being 
weighed, to see whether it yields any metal (especially iron) to 
fusing bisulphate of potassa. 

* Zeitscbr. f. anal. Cham. 9, 128. 
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4. Methods based vpm the Separatum of Oxides insoluble th 
Nitric Acid. 

a. Tin from Metals of Groups IV. and V. (not from Bis- 
muth, Iron, or Manganese*) in Alloys. 

Treat the finely divided alloy, or the metallic powder obtained 173 
by reducing the oxides in a stream of hydrogen with nitric acid, 
as directed § 126 , 1 , a. The filtrate contains the other metals as 
nitrates. As binoxide of tin is liable to retain traces of copper 
and lead and iron, you must, in an accurate analysis, test an 
aliquot part of it for these bodies, and determine their amount as 
directed 168, 

Brunner recommends the following course of proceeding, by 
which the presence of copper in the tin may be effectually guarded 
against. Dissolve the alloy in a mixture of ] part of nitric acid, 

4 parts of hydrochloric acid, and 5 parts of water ; dilute the solu- 
tion largely with water, and heat gently. Add crystals of carbo- 
nate of soda until a distinct precipitate has formed, and boil. (In 
presence of copper, the precijiitate must, in this operation, change 
from its original bluish-^ reen to^ brown or black tint.) When 
the fluid has been in ebullition some 10 or 15 minutes, allow it to 
cool, and then add nitric acid, drop by drop, until the reaction is 
distinctly acid ; digest the precipitate for several hours, when it 
should have acquired a pure white color. The binoxide of tin thus 
obtained is free from copjier; but it may contain some iron, which 
can be removed as directed in 168, 

Before the binoxide of tin can be considered pure, it must be 
tested also for silicic acid, as it frequently contains traces of this 
substance. To this end, an aliquot part is fused in platinum with 
6 — 4 parts of carbonate of soda and potassa, the fused mass boiled 
with water, and the solution filtered ; hydrochloric acid is then 
added to the filtrate, and, should silicic acid scjmrate, the fluid is 
filtered off from this substance. The tin is then precijiitafed by 
sulphuretted hydrogen, and the silicic acid still remaining in the 
filtrate is determined in the usual way (§ 140 ). If hydrochloric 
acid has produced a precipitate of silicic acid, the last filtration is 
effected on the same niter (KhittelI). 

b. Antimony from the Metals of Groups IV. and V. 

IN Alloys (not from bismuth, iron, and manganese). 

Proceed as in 173, filter off the precipitate, and convert it by 174 
ignition into antimoniate of teroxide of antimony (§ 125 , 2). 
Results only approximative, as a little teroxide of antimony dis- 
solves. Alloys of antimony and lead, containing the former metal 
in excess, should be previously fused with a weighed quantity of 
pure lead (VarrentrappI). 

* If the alloy of tin contains bismuth or manganese, there remains with the 
binoxide of tin always teroxide of biiiinutb or sesquioxide of manganese, which cannot 
be extracted by nitric acid ; if it contains iron, on the contrary, some binoxide of tin 
always dissolves with the iron, and cannot he separated even repeated evaporation 
(H. Kobe, Pogg. Annal. 112, 169, 170, 172). 

t Cbem. CentralbL 1857, 929. % Dbgler's polyt. Journ. 158, 816. 
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6. Methods hosed on the Precipitation of Binoxide of Tin hy 

Neutral Salts (e.g., Sulphate (f Soda) or by Sulphuric Acid, 

Tin from the Oxides of Groups L, II., III.*, also from 
Protoxide of Manganese, Oxide of Zinc, Protoxides of 
Nickel and Cobalt, Oxide of Copper, Oxide of Cadmium 
(Teroxide of Gold). 

Precipitate the hydrochloric acid solution, which must contain 175 
the tin entirely as binoxide (bichloride), according* to § 126, 1, 
by nitrate of ammonia or sulphate of soda (Lowenthal), or by 
sulphuric acid, which, H. Rose says, answers equally well. Alloys 
are always treated as follows : — First, oxidize by digestion with 
nitric acid; when no more action takes place, evaporate the 
greater portion of the nitric acid in a porcelain dish, moisten the 
mass with strong hydrochloric acid, and after half an hour add 
water, in which the metachloride of tin and the other chlorides 
dissolve. Alloys of tin and gold are dissolved in aqua regia, the 
excess of acid evajiorated, and the solution diluted with much 
water, before precijatating with sulphuric acid. 

It must be remembered that in this process any phosphoric acid 
that may be present is precipitated entirely or partially with the 
binoxide of tin. After the precipitate has been well washed by 
decantation, Lowenthal recommends to boil with a mixture of 1 
part nitric acid (sp. gr. 1*2) and 9 parts water, then to transfer to 
the filter, and wash thoroughly. Results very satisfactory. If the 
fluid contains sesquioxide of iron, a portion of the latter always falls 
down with the tin. Hence the binoxide of tin must be tested for 
iron according to 168, which, if present, must be determined 
and deducted. 

0. Method hoj^ed on the Imoluhility of Sulphide of Mercury in 

Uydrochlonc AchL 

Mercury from Antimony. 

Digest the precipitated sulphides with moderately strong hy- 176 
drochloric acid in a distilling apparatus. The sulphide of anti- 
mony dissolves, while the sulphide ot mercury remains behind. 
Expel all the hydrosulphuric acid, then add tartaric acid, dilute, 
filter, mix the filtrate with the distillate which contains a little 
antimony, and precipitate with sulphuretted hydrog-en. The 
sulphide of mercury may be weighed as such (F. Field*). 

7. Methods based upon the Conrersion of Arsenic and Antitnmy 

into Alkaline Arseniate and A/itinioniate, 

a. Arsenic from the Metals and Oxides of Groups 
II., IV., AND V. 

If you have to do with arsenites or arseniates, fuse with 3 parts 177 
, of caroonate of soda and potassa and 1 part of nitrate of }>otassa ; 
if an alloy has to be analysed it is fused with 3 parts of carbonate 
of soda and 3 parts of nitrate of potassa. In either case the 
residue is boiled with water, and the solution, which contains the 
arseniates of the alkalies, filtered from the undissolved oxides or 


* Quart. Juurn. Cbem. Son. 12, 32. 
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carbonates. The arsenic acid is determined in the filtrate as 
directed § 127, 2. If the quantity of arsenic is only small, a 
platinum crucible may be used, otherwise a porcelain crucible 
must be used, as platinum would be seriously injured. In the 
latter case, bear in mind that the fused mass is contaminated with 
silicic acid and alumina. If the alloy contains much arsenic a 
small quantity may be readily lost by volatilization, even though 
the operation be cautiously conducted. In such a case, therefore, 
it is better first to oxidize with nitric acid, then to evaporate, and 
to fuse the residue as above directed with carbonate of soda and 
nitrate of potassa. 

h . Arsenic and Antimony from Copper and Iron, 
especially in ores containing sulphur. 

Difiuse the very finely pulverized mineral through pure solu- 178 
tion of potassa, and conduct chlorine into the fluid (comp. p. 388). 

The iron and cop])er separate as oxides, the solution contains 
sulphate, arseniate, and antimoniate of potassa (Rivot, Beudant, 
and Daguin*). 

c . Arsenic and Antimony from Cobalt and Nickel. 

Dilute the nitric acid solution, add a large excess of potassa, 179 
heat gently, and conduct chlorine into the fluid until the precipi- 
tate is black. The solution contains the whole of the arsenic and 
antimony, the precipitate tlie nickel and cobalt as sesquioxides 
(Rivot, jIei: DAN T, and Daguin, loc, cit,), 

8. Methods hosed upon the Volatility of certain Chlorides or Metals, 

a . Tin, Antimony, Arsenic from Copper, Silver, Lead, 
Cobalt, Nickel. 

Treat the sulphides with a stream of perfectly dry chlorine, 180 
j)roceeding exactly as directed in 160 « In presence of antimony, 
fill the tubes E and F (fig. 100) with a solution of tartaric acid 
in water, mixed with hydrochloric acid. The metals may be also 
separated by this method in alloys. The alloy must be very 
finely divided. Arsenical alloys are only very slowly decomposed 
in this way. In separating arsenic and copper the temperature 
must not exceed 200°, and chlorine water should be put into the 
receiver (PARNELLf). If tin and copper are sejiarated in this 
manner, according to the experience of H. Rose,J a small trace of 
tin remains with the chloride of copper. 

h , Binoxide of Tin, Teroxide of Antimony (and also 
Antimonic Acid), Arsenious, and Arsenic Acids, from 
Alkalies and Alkaline Earths. 

Mix the solid compound with 5 parts of pure chloride of am- 181 
monium in powder, in a porcelain crucible, cover this with a 
concave platinum lid, on which some chloride of ammonium is 
sprinkled, and ignite gently until all chloride of ammonium is 
driven off \ mix the contents of the crucible with a fresh portion 

* Compt. rend. 1858, 835; Journ. f. p^nkt Cheni. 61, 133, 
t Cbem. Newii, 21, 138. X Fogg. Annal. 112, 169. 
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of that salt, and repeat the operation until the weip^ht remains 
constant. In this process, the chlorides of tin, antimony, and 
arsenic escape, leaving the chlorides of the alkaline and alkaline 
earthy metals. The decomposition proceeds most rapidly with 
alkaline salts. With regard to alkaline earthy salts it is to he 
observed that those which contain antimonic acid or binoxide of 
tin are generally decomposed completely by a double ignition with 
chloride of ammonium (magnesia alone cannot be separated per- 
fectly from antimonic acid by this method). The alkaline earthy 
arseniates are the most troublesome; the baryta, strontia, and 
lime salts usually require to be subjected 5 times to the operation, 
before they are free from arsenic, and the arseniate of magnesia it 
is impossible thoroughly to decompose in this way (H. Rose*). 
According to SALKowsKif arseniate of bar 3 "ta may be converted 
into chloride quite free from arsenic by one ignition with chloride 
of ammonium ; however arsenate of lime was found to leave a 
residue containing arsenic acid even alter six ignitions with 
chloride of ammonium. 


(?. Mercury from Gold (Silver, and generally from 
THE Non-volatile Metals). 

Heat the weighed alloy in a porcelain crucible, ignite till the 182 
weight is constant, and determine the mercury from the loss. If 
it is desired to estimate it directly, the apparatus, fig. 84, ji. 250, 
may he used. In cases where the separation of mercury from metals 
that oxidize on ignition in the air is to be effected by this method, 
the operation must be conducted in an atmosphere of hydi*ogen 
(p. 200, fig. 70). 

9. Methods based on the VolatiUttf of Sulphide of Arsentc. 

Arsenic Acid from the Oxides of Manganese, Iron, 
Zinc, Copper, Nickel, Cobalt (not so well from Oxide 
OF Lead, and not from Oxides of Silver, Aluminum, 
or Magnesium). 

Mix the arsenic acid compound (no matter whether it has been 183 
air-dried or gentl}" ignited) with sulphur, and ignite under a good 
draught in an atmosphere of hydrogen (p. 200, fig. ?9 ; the per- 
forated lid must in this case be of porcelain ; platinum would not 
answer). The whole of the arsenic volatilizes, the sulphides of 
manganese, iron, zinc, lead, and copper remains behind ; they 
may be weighed directly. After wpighing, add a fresh quantity 
of sulphur to the residue, ignite as before, and weigh again ; 
repeat this operation until tlie weight remains constant. LTsually, 
if the compound was intimately mixed with the sulphur, the con- 
version ol the arsenate into sulphide is complete after the first 
ignition. Results very good. 

In separating nickel the analyst will remember that the residue 
cannot be weighed directly, since it does not possess a constant 
composition ; hence the ignition in hydrogen may be saved ; 
arsenate of nickel loses all its arsenic on being simply mixed with 


♦ Poffg. Annal. 73, 582 ; 74, 578 ; 11*2, 173. 
T Journ. f. prakt. Chem. 104, 138. 
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ciilphur and heated, llie heat should be moderate and continued 
till uo more red sulphide of arsenic is visible on the inside of the 
porcelain crucible. It is advisable to repeat the operation. The 
separation of arsenic from cobalt cannot be completely effected in 
this manner even by repeated treatment with sulphur, but it can 
be effected by oxidizing the residue with nitric acid, evaporatings 
to dryness, mixing- with sulphur, and reigniting. Smaltine and 
cobaltine must be treated in the same manner (H. Rose*). I 
should not forget to mention that EBELMEN,t a long while ago, 
noticed the sej)aration of arsenic acid from sesquioxide of iron by 
ignition in a stream of sulphuretted hydrogen. 

10. Mvtiiod based vpon the Separation of Arsmit as Arsenate of 

Sahojeulc of Mercury, 

Arsenic Acid from the Alkalies, Alkaline Earths, 
Oxide of Zinc, Protoxide of Cobalt, Protoxide of ]\ickel, 
Oxide of Lead, Oxide of Copper, Oxide of Cadmium. 

Proceed exactly as in the scjairation of phosphoric acid by 184 ’ 
mercury (§ 184, A, y). I’he arsenic acid cannot be determined in 
the insoluble residue in the way in which the phosphoric acid is 
determined. If it is desired to estimate it directly-, one of the 
methods given in this § must be used to sejiarate it from the sub- 
oxide of mercury. Treat the filtrate as directed § 18o, //, a (II. 
Rose.) 

11. Method based upon the Separation of Arsenic as Arsenate of 

Maejnesia and Ammonia, 

Arsenic Acid from Oxide of Copper, Oxide of Cad- 
MH'M, roxiDE OF Iron, Protoxide of Manganese, 

Protoxide of IKickfl, Protoxide of Cobalt, Alumina. 

Mix the hydrochloric acid solution, which must contain the 185 
whole of the arsenic in the form of arsenic acid, with enough 
tartaric acid to prevent jirecipitation by ammonia, jirecipitate the 
arsenic acid according to § 127, 2, as arseniate of magnesia and 
ammonia, allow to settle, filter, wash once wdth a mixture of 3 
parts winter and 1 part ammonia, redissolve in hydrochloric acid, 
add a very minute quantity of tartaric acid, sujiersaturate again 
with ammonia, add some more chloride of magnesium and am- 
monium, allow to deposit, and determine the now jiure precijiitate 
according to § 1^7, 2. In the filtrate the bases of Groups IV. 
and V. may be precipitated by sulphide of ammonium ; if alumina 
is present, evaporate the filtrate from the sulphides with addition 
of carbonate of soda and a little nitre to dryness, fuse, and 
estimate the alumina in the residue. Tlie method is more adapted 
to the separation of rather large than of very small quantities of 
arsenic from the above named oxides, since in the case of small 
quantities the minute fwrtions of arseniate of magnesia and am- 
monia that remain in solution may exercise a considerable in- 
fiuence on the accuracy of the result. 


* ZeitBchr. f. anal. Chem. 1, 41 S. 
f AnnaL de Chim. et de Phys. (&) 25, 98. 
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Il2. Method "based vpm the Separation of Arsenic as Arsenio* 
nwlyhdate of Ammonia, 

Arsenic Acid from all Oxides of Groups I. — V. 

Separate the arsenic acid as directed in § 127, 2, b ; long* con- 186 
tinned heating at 100° is indispensable. The determination of the 
bases is most conveniently effected in a special portion. 

13. Method based upon the Insolubility of Arseniate of Sesquioxide 

of Iron, 

Arsenic Acid from the Bases of Groups I. and II., and 
FROM Oxide of Zinc, and the Protoxides of Manganese, 
Nickel, and Cobalt. 

Mix the hydrochloric solution with a sufficient quantity of 187 
pure sesqiiichloride of iron, neutralize the greater part of the free 
acid with carbonate of soda, and ]>recipitate the iron and arsenic 
acid together with carbonate of baryta in the cold or with acetate 
of soda at a boiling heat. The jirecipitate should be so basic as to 
have a brownish-red color. The method is esj)ecially suitable for 
the separation of arsenic acid when its estimation is not required. 
However the precipitate may be dissolved in hj^drochloric acid 
and the arsenic estimated by precipitation with sulphuretted 
hydrogen. 

14. Methods based upon the Insolubility of some Chlorides, 

a. Silver from Gold. 

Treat the alloy with cold dilute nitrohydrochloric acid, dilute, 188 
and filter the solution of the terchloride of gold from the undis- 
solved chloride of silver. This method is ajiplicable only if* the 
alloy contains less than 15 per cent, of silver; for if it contains a 
larger })roportion, the chloride of silver which forms protects the 
undeconqiosed part from the action of the acid. In the same way 
silver may be separated also from platimim, 

b. Oxide of Mercury from the Oxygen Compounds of 
Arsenic and Antimony. 

Precipitate the mercury from the hydrochloric solution by 189 
means of piios])horous acid as subchloride (§ 118, 2). The tartaric 
acid, which in the presence of antimony must be added, does not 
interfere with the reaction (H. Rose*). 

15. Methods based upon the Insolubility of certain Sulphates in 

Water or Spirit of Wine. 

a. Arsenic Acid from Baryta, Strontia, Lime, and 
Oxide of Lead. 

. Proceed as for the separation of phosphoric acid fi*om the 190 
same oxides (§ 135, b). The compounds of these bases with 
arsenious acid are first converted into arsenates, before the sul- 
phuric acid is added ; this conversion is effected b} heating the 
hydrochloric acid solution with chlorate of potassa or by means of 
bromine. 


* Pogg, Annal. IIC, 586. 
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b . Antimony from Lead. 

Treat the alloy with a mixture of nitric and tartaric acids. 191 
The solution of both metals takes place rapidly and with ease. 
Precipitate the greater part of the lead as sulphate (§ 116, 3), 
filter, precipitate with sulphuretted hydrog’en, and treat the 
sulphides according; to 168, with sulphide of ammonium, in order 
to separate the antimony from the lead left unprecipitated by the 
sulphuric acid (A. Streng*). 

IG. Method based upon the Separatim of Copper as Subsalpho- 
cyanide or Suhiodide. 

Copper from Arsenic and Antimony. 

Prom the properly prepared solution precipitate the copper by 192 
§ 119, 3, bj as siibsulpliocyanide, allow to settle, filter, wash with 
water containing* nitrate of ammonia (to prevent the washing’s 
being* muddy), and estimate antimony and arsenic in tlie filtrate, 
precij)itatin<^ first with sulphuretted hydrog*en. Kesults g*ood. 

The following* method, which depends on precipitating; the coj)per 
as suhiodide, is not so g*ood : Dissolve in nitric or siilj>huric acid, 
taking; care to add the acid only slig*htly in excess, dilute (in 
presence of antimony, with water containing; tartaric acid) and 
precipitate the cojiper with sul]>hurous acid and iodide of ])otas- 
sium. Arsenic and antimony remain in solution (Plajolot). 
Results approximate, since a little suhiodide of cojiper remains in 
solution by the agency of the excess of sulphurous acid. Reduc- 
tion of the copper hy protochloride of tin, as PLEiscHKiit recom- 
mends, is impracticable in this case, as the separation of tin from 
arsenic and antimony would he too difficult. 

1?. Method based vpm the Siparation of Copper as Oxalate, 

Copper from Arsenic. 

Add to the nitric acid solution ammonia until the blue preci- 193 
pitate formed remains undissolved, then effect solution hy an 
excess of oxalate of ammonia. Add, cautiously, hydrochloric or 
nitric acid to acid reaction, and allow the mixture to stand. The 
copper separates almost comjiletely as oxalate, which is then 
converted hy ignition in the air into oxide. Add ammonia to 
the filtrate, and precipitate with a few di*o])S of sulphide of 
ammonium the minute trace of copper still retained in solution 
(P. PlELDj). 

18. Method based upon the different Diportment with Cyanide of 
Potassium. 

Gold from Lead and Bismuth. 

These metals may he separated in solution hy cyanide of 194 
potassium in the same way in which the separation of mercury 
from lead and bismuth is ejected (see 147)* The solution of the 
double cyanide of gold and potassium is decomposed hy boiling 
with aqua regia, and, after expulsion of the hydrocyanic acid, the 
gold determined by one of the methods given in § 1133. 

♦ Ding, polyt. Joum. 151, 889 

f ZeiUebr. f. anal. Chem. 9, 256. X Chem. Oaz. 1857, 813. 
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II. Sepahation of the Oxideb of the Sixth Gboup 

FROM EACH OTHER. 

§ 165. 

Index: — The Nos. refer to those in the margin. 

Platinum from gold, 195, 214, 215. 

,, tin, antimony, and arsenic, 196. 

Gold from platinum, 195, 214, 215. 

„ tin, 196, 218. 

,, antimony and arsenic, 196. 

Tm from platinum, 196. 

„ gold, 175, 196, 213. 

„ arsenic, 199, 206, 207, 208, 211, 212, 216, 217. 

„ antimony, 197, 201, 208, 209, 210, 212, 216. 

Protoxide of tin from the binoxide, 221. 

Antimony from platinum and gold, 196. 

,, arsenic, 200, 201, 2o2. 203, 204, 206, 207. 

„ tin. 197, 201, 208, 209, 210, 212, 216. 

Teroxide of antimony from antimonic acid, 220. 

Anenic from platinum and gold, 196. 

„ tin, 199, 206, 2o7. 208, 211 212, 216, 217. 

„ antimony, 200, 201, 202, 203, 204, 206, 207, 218. 

Arsenious acid from arsenic acid, 198, 205, 219. 

1, Method bo'ied upon the Precipitation of Platinum as Potassio^ 

Inehloride of PUtiimnn, 

Platinum fiwm Gold. 

Precipitate from the solution of the chlorides the platinum as 195 
directed § 124, and determine the g-old in the filtrate as directed 
§ l2d, b. 

2. Methods based upon the Volatility of the Chlorides of the inferior 

Metals. 

a. Platinum and Gold from Tin, Antimony, and 
Arsenic. 

Heat the finely divided alloy or the sulphides in a stream of 196 
chlorine gas. Gold and platinum are left, the chlorides of the 
other metals volatilize (compare 160 )- 

b. Antimony from Tin. 

The tin should be present wholly as protochloride or protoxide. 197 
Precipitate with sulphuretted hydrogen, filter (preferably through 
an asbestos filtering tube), dry the precipitate, and pass through it 
a current of dry hydrochloric gas at the ordinary temperature. 

The sulphides are converted into the corresponding chlorides; the 
chloride of antimony alone escapes, and may be received in water. 
Dissolve the residual protochloride of tin in water containing 
hydrochloric acid, and estimate the tin according to § 126 ((T. 
Tookey*). The method can only be used in rare cases, as it is 
difficult to obtain a precipitate quite free from bisulphide of tin. 

e, Arsenious Acid from Arsenic Acid. 

The amount of substance taken should not contain more than 198 
*2 grm. arsenious acid. Heat with 45 grm. chloride of sodium, 

* Journ. Chem. Soc. 15, 462. 
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135 grm. sulphuric acid (free from arsenic) of I’Ol sp. gr., and 
30 gfrm. water in a tubulated retort containing* a spiral ot platinum, 
and provided with a thermometer. The temperature should rise 
to about 125°. Determine the arsenic in the distillate according* to 
§ 1S7, 4, a, in the residue according to § 127, 4, The sul}>hide 
obtained from the former corresponds to the arsenious acid, from 
the latter to the arsenic acid. Results satisfactory (Rieckher*.) 

If the substance given is a dilute fluid, render slightly alkaline 
with carbonate of soda, and concentrate to about 20 c.c.. Anally m 
a tubulated retort. I can recommend the apparatus flg. 78, 
p. 170. At the exit of the U-tube it is w ell to attach a tube with 
a bulb (a chloride of calcium tube) containing fragments of glass, 
moistened w’ith weak soda solution, to prevent all chance of 
chloride of arsenic escaping ; in the receivers w ater is placed. 

At the end of the operation rinse the chloride of calcium tube, and 
mix with the contents of the receiver. 


3 . Methods hosed tipm the Volatility of Arsenic and Tersulphidc 
of Arsenic. 

a. Arsenic from Tin (H. Rose). 

Convert into sulphides or oxides, dry at 100°, and heat a weighed 199 
portion with addition of a little sulphur in a bulb-tube, gently at 
flrst, but gradually more strongly, conducting a stream of dry 
sulpliuretted hydrogen gas through the tube during the operation. 
Sulphur and sulphide of arsenic volatilize, sulphide of tin is left. 

The sulphide of arsenic is received in U-tubes containing dilute 
ammonia, w’hich are connected with the bulb-tube in the manner 
described in 160 - When upon continued application of heat no 
sign of further sublimation is observed in the cold(‘r part of the 
bulb-tube, drive off the sublimate which has collected in the bulb, 
allow the tube to cool, and then cut it off above the coating. 
Divide the sepaiated portion of the tube into pieces, and heat 
these with a littje solution of soda until the sublimate is dissolved ; 
unite the solution with the amrnoniacal fluid in the receivers, add 
hydrochloric acid, then, without filtering, chlorate of j)otassa, and 
heat gently until the suljihide of arsenic is completely dissolved. 
Filter from the sulphur, and determine the arsenic acid as directed 
§ 127, 2. The quantity of tin cannot be calculated at once from 
the blackish-brown sulphide of tin in the bulb, since this contains 
more sulphur than 8n8. It is therefore weighed, and the tin de- 
termined in a weighed portion of it, by converting it into binoxide, 
which is eflfected by moistening with nitric acid, and roasting 
(§ 126, 1, c). 

Tin and arsenic in alloys are more conveniently converted into 
oxides by cautious treatment with nitric acid. If, however, it is 
wished to convert them into suljihides, this may readily be effected 
by heating 1 part of the finely divided alloy with 5 parts of car- 
bonate of soda and 5 jiarts of suljdiur, in a covered porcelain 
crucible until the mass is in a state of calm fusion. It is then 


dissolved in water, the solution filtered from the sulphide of iron, 
<fec.. which may possibly have formed, and then precipitated with 


wnicn may poi 
hydrochloric acid. 


* Fbftrm. Centralhalle, 11, 92. 
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If the tin only in the alloy is to be estimated directly, while 
the arsenic is to be found from the difference, convert as above 
directed into sulphides or oxides, mix with sulphur and ignite in 
a porcelain crucible with perforated cover in a stream of sul- 
phuretted h 3 'drogen. The rasidiial arsenic-free protosulphide of 
tin is to be converted into binoxide and weighed as such. 

h . Arsenic from Antimony in Alloys. 

Heat a weighed portion of the finely divided alloy with 2 parts 200 
of carbonate of soda and 2 parts of c^^anide of potassium in a bidb- 
tube, through which dry carbonic acid is transmitted ; applv a 
gentle heat at first, but increase this gradually to a high degree 
of intensity, and continue heating until no more arsenic volatilizes. 
(Take care not to inhale the escajnng fumes ; the safest way is to 
insert the hind part of the bulb-tube into a flask, in which the 
arsenic will conrlense.) Allow the bulb- tube to cool ; after cool- 
ing, treat the contents, first with a mixture of equal parts of spirit 
of wine and water, then with water, and weigh the re.siduary 
nntimon 3 \ Tlie quantity of the arsenic is found from the loss. 

This method gives onl 3 " approximate results. If it is desired to 
i'use the allo 3 " prr sf (not under a slag) in a stream of carbonic 
ticid, the heat must be ajndied w’ith great caution, otherwise 
antimon 3 ' w^ill volatilize to a large extent. H. Rose recommends 
the latter process. 

4. Methods hasid upon llu' insoluhiUlp oj Antimoniate of Soda, 

a. Antimony from Tin and Arsenic (H. Rose)* 

If the substance is metallic, oxidize the finel 3 " divided w eighed 201 
sample, in a porcelain crucible, wuth nitric acid of 1*4 sp. gr., 
adding the acid graduall3\ Dry the mass on the water-bath, 
transfer to a silver crucible, rinsing the last ])articles adhering to 
the porcelain into the silver crucible with solution of soda, dry 
again, add eight times the bulk of the mass of solid h 3 "drate of 
soda, and fuse for some time. Allow the mass to cool, and then 
treat with hot water until the undissolved re.sidue presents the 
appearance of a fine powder; dilute wdth some w^ater, and add 
one-third the volume of alcohol of *83 sp. gr. Allow the mixture 
to stand for 24 hours, with frequent stirring ; then filter, transfer 
the last adhering particles from the crucible to the filter b 3 " 
rinsing with dilute sjiirit of wine (1 vol. alcohol to 3 vol. water), 
and wash the undissolved residue on the filter, first with spirit of 
wine containing 1 vol. alcohol to 2 vol. water, then with a mixture 
of equal volumes of alcohol and water, and finally with a mixture 
of 3 vol. alcohol and 1 vol. water. Add to each of the alcoholic 
fluids used for w^ashing a few drops of solution of carbonate of soda. 
Continue the washing until the color of a portion of the fluid 
running off’ remains unaltered upon being acidified with h 3 'dro- 
chloric acid and mixed with sulphuretted %drogen water. 

Rinse the antimoniate of soda from the filter, wash the latter 
with a mixture of h 3 "drochloric and tartaric acids, dissolve the anti- 
moniate in this mixture, precipitate with sulphuretted hydrogen, 
and determine the antimonj" as directed § 12o, 1. In presence of 
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much tin it is well to fuse the antimoniate of soda ag’ain with 
caustic soda, ifec. 

To the filtrate, which contains the tin and arsenic, add 
liydrochloric acid, which produces a precipitate of arsenate of 
binoxide of tin; conduct now into the unfiltered fluid sulphu- 
retted hvdrog'en for some time, allow the mixture to stand at rest 
until tlie odor of that gas has almost completely gone off, and 
separate the weighed sulphides of the jnetals which contain free 
sulphur, as in 199. 

If the substance contains only and arsenic^ the alcoholic 

filtrate is heated, with repeated addition of water, until it scarcely 
retains the odor of alcohol ; hydrochloric acid is then added, and 
the arsenic acid determined as arsenate of magnesia and ammonia 

li?7, 2) or as sulphide of arsenic (§ 127, 4, h). 

h. Small quantities of the sulphides of arsenic and antimony 202 
mixed with suljihur are often obtained in mineral analysis. The 
two metals ma}' in this case be conveniently separated as follows : — 
exhaust the precipitate with bisulphide of carbon, oxidize with 
chlorine-free red fuming nitric acid, evaporate the solution nearly 
to dr^mess ; mix the residue with a copious excess of carbonate of 
soda, add some nitrate of soda, and treat the fused mass as given 
in a (201)- If, on the other hand, you have a mixture of sul- 
])hides of tin and antimony to analyse, oxidize it wdtli nitric acid 
of l b sp. gr., and treat the residue obtained on evaporation as 
given in a (201)- 

c, Detehmination of the Sulphide op Arsenic con- 
tained IN THE commercial SuLPHIDE OF AnTIMONY 
(Wackenroder), 

Deflagrate 20 grm. of the finely pulverized sulphide of 203 
antimony with 40 grin, nitrate of soda and 20 grm. carbonate of 
soda, b}" projecting the mixture gradually into a red-hot Hessian 
crucible ; treat the strongly ignited mass rejieatedly with water, 
filter the solution, acidify the filtrate with hydrochloric acid, treat 
with sulphurous acid, and precipitate the arsenic with suljihuretted 
hydrog-en. Digest the moist jirecipitate, which contains a small 
admixture of antimony, with carbonate of ammonia, filter, acidify 
the filtrate, pass sulphuretted hydrogen, and determine the arsenic 
as sulphide as directed § 127, 4. 

6. Methods hosed upon th‘ Precipitation of Arsenic as Arseniatc 
of Mafjnesia and Anunjoma, 

'a. Arsenic from Antimony. 

Oxidize the m^uls or sulj»hides with nitrohydrochloric acid, 204 
with hydrochloric acid and chlorate of potassa, with bromine dis- 
solved in hydrochloric acid, or with chlorine in alkaline solution 
(p. 388, h)\ add tartaric acid, a large quantity of chloride of 
ammonium, and then ammonia in excess. (iShould the addition 
of the latter reagent produce a precipitate, this is a proof that an 
insufficient quantity of chloride of ammonium or of tartaric acid 
has been used, which error must be corrected before proceeding 
with the analysis). Then precipitate the arsenic acid as directed 
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§ 107, 0, and determine the antimony in the filtrate as directed in 
§ 105, 1. As basic tartrate of mag*nesia mig’ht precipitate with 
the arsenate of majrnesia and ammonia, the precipitate should 
always, after slij^ht washing’, be redissolved in hydrochloric acid, 
and reprecipitated with ammonia with addition of a little magnesia 
mixture. — An excellent method. 

h , Arsenious Acid from Arsenic Acid. 

Mix the sufficiently dilute solution with a large quantity of 205 
chloride of ammonium, precipitate the arsenic acid as directed 
§ 107, 0, and determine trie arsenious acid in the filtrate by pre- 
cipitation with sulphuretted hydrogen (§ 107, 4). Ludwig* has 
observed that if the solution is too concentrated, arsenite of 
magnesia falls down with the arsenate of magnesia and ammonia, 
hence it is necessary to dissolve the weighed magnesia precipitate 
in hydrochloric acid and test the solution with sulphuretted 
hydrogen. The presence of arsenious acid will be betrayed by the 
immediate formation of a precipitate. 

c. Binoxide of Tin and Teroxide of Antimony or 
Antimonic Acid from Arsenic Acid. 

LENSSENf separated binoxide of tin from arsenic acid with 206 
good results by digesting the oxides obtained by oxidation with 
nitric acid with ammonia and yellow sulphide of ammonium, and pre- 
cipitating the arsenic from the clear solution according to § 1 l 7, 2, 
as arsenate of magnesia and ammonia. On acidiiS'ing the filtrate 
the tin separates as bisulphide. The method can only give good 
results when the whole of the arsenic was present as arsenic acid 
before the addition of sulphide of ammonium, for the arsenic in a 
solution of arsenious acid in yellow sulphide of ammonium is not 
thrown down by magnesia mixture. The method also answers for 
separating antimony from arsenic. 

6. Methods based an the diffirent Behavior of the freshhf Precipi^ 
tated Sulphides tanmrds Solutian of Bis^ulphite of Potassa or 
Oxalic Aeid, 

a. Arsenic from Antimony and Tin (BunsenI). 

If freshly precipitated sulphide of arsenic is digested with sul- 207 
phurous acid and sulpliite of potassa, the precipitate is dissolved ; 
on boiling, the fluid becomes turbid from separated sulphur, which 
turbidity for the most jiart disappears again on long boiling. The 
fluid contains, after expulsion of the sulphurous acid, arsenite and 
hvposulphite of potassa. [2AsS, + 8(KO,2S03) = 2(KO, AsO.) + (5 
(K0,S5,0 ) + 83+ 7SO3.] The sulphides of antimony and tin do not 
exhibit this reaction. Both therefore may be separated from sul- 
phide of arsenic by diluting the solution of the three sulphides in 
sulphide of potassium to about 500 c.c. and precipitating with a 
large excess (about a litre) of saturated aqueous sulphurous acid, 
digesting the whole for some time in a water-bath, and then 
boiling till one-third of the water and the whole of the sulphurous 

f Annal. d. Chem. u. Pbarm. 114, 116. 
t Ib. 106, 8. 


* Archiv ftlr Pharm. 97, 24. 
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acid are expelled and the sulphur has disappeared ; this will take 
about an hour and a half. The residuary sulphide of antimony or 
tin is arsenic-free, the filtrate contains the whole of the arsenic 
and ma}^ be immediately precipitated with sulphuretted hydrog’en. 
Bunsen determines the arsenic by oxidizin*^ the dried sulphide 
tog-ether with the filter with fmnitig nitric acid, diluting’ the solu- 
tion a little, warming* ffcntly with a little chlorate of potassa (in 
order to oxidize more fully the substances formed from the paper), 
and finally precipitating' as arsenate of mag-nesia and ammonia. 

With regard to the separation of sul}»hide of tin from the solu- 
tion of arsenite of potassa it is to be observed, that the sulphide 
of tin must be washed with concentrated solution of chloride of 
sodium, as, if water were used, the fiuid would run through turbid. 

As soon as the precipitate is thoroughly washed with the chloride 
of sodium, the latter is displaced by solution of acetate of am- 
monia, containing a slight excess of acetic acid. These last 
washings must not be added to the first, as the acetate of am- 
monia hinders the complete precijhtation of the arsenious acid by 
sulphuretted hydrogen. 

The test-analyses adduced by Bunsen show very satisfactory 
results. 

b. Tin from Arsenic and Antimony (F. W. Clarke*). 

Moist freshly precipitated bisulphide of tin completely dis- 208 
solves on boiling for a moderate length of time with excess of 
oxalic acid, and therefore tin in the form of bichloride is not 
thrown down by sulphuretted hydrogen from a hot solution con- 
taining excess of oxalic acid. The sulphides of arsenic are barely 
afiected by boiling with oxalic acid, ana sulphuretted hydrogen im- 
mediately rejirecipitates the traces dissolved. Sulphide of antimony 
dissolves more copiously on boiling with oxalic acid, but sulphu- 
retted hydrogen reprecipitates the antimony from the solution. 

To the solution of the three metals — the tin being in form of 
binoxide — Clarke recommends to add oxalic acid in quantity 
equal to 20 times the weight of the tin. The solution must be so 
strong that the oxalic acid will crystallize out on cooling. Now 
keeping the fluid at a boiling heat pass sulphuretted hydrogen for 
20 minutes, allow to stand half an hour in a warm place and 
filter. According to Clarke the whole of the arsenic and anti- 
mony will be in tlie jirecipitate which is free or nearly free from 
tin. To obtain the latter from the solution, render slightly 
alkaline with ammonia, add sulphide of ammonium enough to 
redissolve the precipitate first formed, decomj)ose the dissolved 
sulphosalt with excess of acetic acid, allow the precijiitate of 
bisulphide of tin to settle in a warm place and determine it accord- 
ing to § 126, 1, c. A stronger acid than acetic which would 
liberate oxalic acid would not answer the purpose. Clarke 
advises, in order to increase the accuracy of the results and get 
the last remainder of tin into solution to redissolve the precipitated 
siiljihides of antimony and arsenic in an alkaline sulphide, add 
excess of oxalic acid and boil with suljdiuretted hydrogen water. 


Clit;in. Newg, 21, 124. 
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From some experiments made in my laboratory by Mr. Phillips, 
it appears that the last operation is absolutely essential, or the 
results will be worthless. The very unfavourable results obtained 
by G. C. WiTTSTEiN* may perhaps be due to, the presence of too 
much free hydrochloric acid in his solution rendering the precipita- 
tion incomplete in the heat and necessitating its being finished in 
the cold. In Mr. Phillips’s experiments the free hydrochloric 
acid was always neutralized as much as possible with potash. 

7. Methods hosed vpon the Separation of the Metals themselves^ or^ 
as the cose may he^ an the Different Deportomit of the same 
with Aeids, 

a . Tin from Antimony (Gay-Lussac, modified). 

Heat a weighed portion of the finely divided alloy (or other 209 
compound) with hydrochloric acid, add chlorate of potash in small 
portions until the mass is dissolved, and then divide the fluid into 
two equal jiarts, a and h. In a precipitate both metals on a zinc 
rod, rinse them off quickly with hot water containing some hydro- 
chloric acid, wash with spirit, then with ether, dry at 100**^ and 
weigh. To h add a rather large quantity of hydrochloric acid, 
introduce a stri}) of tin, and heat for some time. By this process, 
the antimony is comjiletely thrown down in form of a black 
powder, and the bichloride of tin reduced to protochloride. Wash 
the antimony ofl‘ the tin with moderately dilute hydrochloric acid, 
collect upon a weighed filter, wash first with dilute hydrochloric 
acid, then with spjiit, finally ynth ether, dry at 100'" and weigh. 

The difference gives the quantity of tin. 

From the experiments of A. W. CLASEN,t precipitated anti- 
mony is very ])erce{)tibly soluble in hot and cold hydrochloric 
acid of various strengths, hence loss of antimony is scarcely 
avoidable. 

b . Tin from Antimony (Tookey,! improvements by 
Clasen {loc. cit.) and Attfield§). 

The hydrochloric solution should be oxidized if necessary with 210 
a few drops of nitric acid or a little chlorate of potash. Heat 
nearly to boiling and add iron as long as it dissolves. Either 
hoop iron or fine bright wire will answer the purpose, it should 
dissolve in dilute hydrochloric acid, leaving little or no residue. 

The antimony will be thrown dowm, the tin reduced to proto- 
chloride. As^ soon as all antimony a])pears .to be precipitated and 
the iron to be dissolved, add more hydrochloric acid, allow to 
deposit, decant and test whether iron produces any further pre- 
cipitate. In this way you will ensure the absence of anv metallic 
iron and the complete precipitation of the antimony. Wash the 
antimony with hot water, wnich should be at first acidified, then 
with alcohol, finally with ether, drying at 100®. Throw down 
the tin with sul})huretted ^drogen (§ 1*J7. 1, c). With care the 
results are good, compare Clasen (to. cit!). 

* Vierteljahrasohr. f. prakt. Pharm. 19, 661. 

+ Jouni. f. prakt. ChAin. 92, 477 ; Zeitschr. f. anal. Chem. 4, 440. 

if Jouru. Chem. Soo. 16, 462. g Zeitnehr. 1. amii. Chem. 9, 107. 
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e . Determination of Arsenic in Metallic Tin (Gay- 
Lussac*). 

Dissolve the laminated or graniilatedf metal in a mixture of 211 
1 eq. nitric acid and 9 ,eq. hydrochloric acid, with the aid of a 
g*entle heat. The solution ensues without evolution of gas ; 
protochloride of tin and chloride of ammonium are formed, the 
arsenic is left in the form of powder. + 9HC1 -f 8Sn = 
8SnCl -f NH^Cl + 6HO. The nitrohydrochloric acid must, there- 
fore, not he used in a much larger proportion than will give to 
8 eq. metal 1 eq. and 9 eq. HCi. 

d . Much Tin from little Antimony and Arsenic. 

If an alloy of the three metals is treated in a very finely 212 
divided condition in a stream of carbonic acid with strong hydro- 
chloric acid, the whole of the tin dissolves to protochloride. A 
part of the arsenic and antimony escapes as arsenetted and anti- 
monetted hydrogen, whilst the rest remains behind in the state of 
metal, or, as the case may be, of a solid combination with 
hydrogen. Conduct the gas through several U-tubes, containing 
a little chlorine-free red fuming nitric acid, wliereby the arsenic 
and antimony will be oxidized. When the solution is effected, 
dilute the contents of the flask with air-free water to a certain 
volume, mix, allow to settle and determine the tin in an aliquot 
part, either gravimetrically or volumetrically. Filter the rest of 
the fluid, wash the precipitate thoroughly, dry the filter with its 
Contents in a jiorcelain crucible, add the contents of the U-tubes, 
evaporate to dryness, and in th(^ residue separate the antimony 
and arsenic as directed 201 * It is well t^o treat an aliquot part 
of tlie hydrochloric solution with iron (210) to find, and, if 
necessary, estimate traces of antimony which may have passed 
into the h^^drochloric acid solution. 

f . Tin from Gold. 

Gold may be sejiarated from excess of tin by boiling the finely 213 
divided alloy with only slightly diluted sulphuric acid, to which 
hydrochloric acid has been cautiously added. The tin dissolves as 
])rotochloride. Heat is applied till the sulphuric acid begins to 
volatilize cojiiously. Binoxide of tin is formed which dissolves in 
the concentrated sulphuric acid, while the gold remains behind. 

On addition of much water, the binoxide of tin falls, mixed with 
finely divided 'gold, in the form of a purple^red precipitate. On 
warming with conc(*ntrated sulphuric acid the binoxide of tin 
finally redissolves, while the gold is left pure (H. Rose!). 

f . Platinum from Gold. 

The aqua regia solution is freed as far as possible from nitric 214 
acid by evaporation with hjrdrochloric acid, and treated with a 
solution of protochloride of iron, the gold being determined as 
directed § 123, h. The platinum may be precipitated from the fil- 
trate by sulphuretted hydrogen according to § 124, c. 

* Anoal. de Cbim. et de Pbye. 28, 228; Jabresber. von Liebig und Kopp, 1847 
and 1848, 968. 

t Prepared by pouring the fused metal into water. t Fogg. Anual. 112, 172. 
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8. Method hosed on the Extraction of Gold by Mercury, 

Determination of the Gold in Platinum Ore. 

Treat the mineral for several hours with small quantities of pure 215 
boiling mercury, pouring off before adding a fresh portion, wash 
thoroughly with not mercury, and distil off‘ the whole of the mer- 
cury very cautiously. The gold remains behind (Deville and 
Debray.) The residue should be tested. 

9. Method hosed upon the PreerpHatwn of some of the Metals as 

Sulphides hy UyposulphHe of Soda, 

Arsenic and Antimony from Tin. 

Mix the solution with hydrochloric acid in excess, heat to boil- 216 
ing, and add hy})()sulpliite of soda until the precipitate appears no 
longer orange or yellow, but white, and the fluid looks opalescent, 
owing to the separation of sulphur. Arsenic and antimony are 
completely precipitated, wdiilst the wdiole of the tin remains in 
solution (VoHL*). If arsenic alone is present in the precipitate, 
determine it as directed § 127, 4 ; if antimony alone, determine it 
as directed § 125, 1 ; if both metals are present, separate them 
according to 201 or 204 - The tin in the filtrate is estimated best 
as directed § 120, 1, 6’. LenssenI apparently obtained good results 
by this method. From iny own experience I cannot speak very 
favourably of it. As tin is also precipitated by h^'posuljihite in the 
absence of free hy(iro(;hloric acid, the separation cannot be com- 
plete unless the hydrochloric acid present, while preventing the 
precipitation of tin, does not interfere with that of the antimony. 

10. Method based upon the Precipitation of Tin as Arsenate of the 

Biuoxide, 

Tin from Arsenic. 

E. HaffelyJ has ])roposed the following method of determin- 217 
ing both the tin and the arsenic in commercial stannate of soda, 
which often contains a large admixture of arsenate of soda. Mix 
a weighed samjile with a known quantity of arsenate of si^da in 
excess, add nitric acid also in excess, boil, filter off the precipitate, 
which has the composition 2SnO,,AsOg + 10 aq., and wash ; expel 
the water by ignition, and weigh the residue, which consists of 
2SnO.„As^O. In the filtrate determine the excess of arsenic acid 
as directed § 127, 2. The amount of the binoxide of tin is found 
from the weight of the precipitate, that of the arsenic acid is 
obtained by adding tbe quantity in the precipitate to the quantity 
in the filtrate, and deducting the quantity added. 

11. Method based on the separation of Arsenic and Antimony 

from their Ilydroyen Compounds, 

Arsenic from Antimony when combined with Hy- 
drogen. 

Pass the gas through neutral nitrate of silver. The antimo- 218 
netted hydrogen gives antimonide of silver, while the arsenic 

* Annal. d. Chem. u. Pharm. 96, 240. 

X Phil. Mag. 10, 220. 


t Ih. 114, 118. 
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passes into solution as arsenious acid with reduction of silver. 

This method has been proposed by A. W. Hofmann* for the 
qualitative detection of arsenic and antimony. It may be also 
used as a means of quantitative separation when the metals are 
present in the form of hydrog-en compounds. Filter off the pre- 
cipitate of silver and antimonide of silver and wash it. To the 
solution add slight excess of hydrochloric acid, filter off the 
chloride of silver and precipitate with sulphuretted hydrogen. The 
precipitate contains the arsenic as sulphide, and always a minute 
quantity of sulphide of antimony ; the two are to be separated 
according to 202 or 207 - The preci}>itate of silver and antimo- 
nide of silver is heated with tartaric acid and a very small 
quantity of nitric acid, and the antimony is estimated according 
to § 125, 1. 

All methods of estimating antimony and arsenic in soJvfums 
on this principle (by treating with zinc and hydrochloric acid 
and ]mssing the gas evolved through silver solution) are untrust- 
worthy, since a part only of the nntimon}’ and arsenic escapes as 
gas, the remainder sta 3 dng in the ffask in the metallic form. 

12. Volumetric Methods, 

a. Arsenious from Arsenic Acid. 

Convert the whole of the arsenic in a portion of the substance 219 
into arsenic acid and determine the total amount of this as directed 
§ 127, 2 ; determine in another portion the arsenious acid as 
directed in § 127, 5, and calculate the arsenic acid from the 
difference. 

1 . Teroxide of Antimony from Antimonic Acid. 

Determine in a sample of the substance the total amount of the 220 
antimony as directed § 125, 1, in another ])ortion estimate the ter- 
oxide as directed ^ 125, 3^ and calculate the antimonic acid from 
the difference. 

c. Protoxide of Tin in presence of Binoxide. 

In one portion of the substance convert the whole of the prot- 221 
oxide into binoxide by digestion with chlorine water or some other 
means, and determine the total quantity of tin as directed § 120, 1, b ; 
in another portion, which, if necessary, is to he dissolved in hydro- 
chloric acid in a stream of carbonic acid, determine the jirotoxide 
according to § 126, 2. 

II. SEPARATION OF THE ACIDS FROM EACH OTHER. 

It must not be forgotten that the following metliods of separa- 
tion proceed generally upon the assumption that the acids exist 
either in the free state, or in combination with alkaline louses ; com- 
pare the introductory remarks, p. 406. Where several acids are to 
be determined in one and the same substance, we very often use 
a separate portion for each. The methods here given do not em- 
brace every imaginable case, but only the most important cases, 
and those of most frequent occurrence. 

* Annal. d. Chem. u. Pharm. 115, 287. 
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FIRST GROUP. 

ARSENIOUS ACID — ARSENIC ACID — CHROMIC ACID SULPHURIC 

ACID PHOSPHORIC ACID BORACIC ACID OXALIC ACID 

HYDROFLUORIC ACID — SILICIC ACID — CARBONIC ACID. 

§1C6. 

1. Arsenious Acid and Arsenic Acid from all other 

Acids. 

Precipitate the arsenic from the solution bj sulphuretted 222 
hydrogen (§ 127, 4, a or Z»), filter, and determine the other acids 
in the filtrate. It must be remembered, that the tersuljdiide of 
arsenic will be o])tained mixed with suljdiur if chromic acid, sesqui- 
oxide of iron, or any other substances which decompose sulphuretted 
hydrogen are present. The estimation of sul]:>huric acid in the 
filtrate cannot be accurate unless air is excluded, and oxidizers 
such as chromic acid are absent ; sulphuric acid is, therefore, best 
estimated in a separate portion (223). From those acids which 
form soluble salts with magnesia, arsenic acid may be separated 
also by ])reci])itation as arsenate of magnesia and ammonia 
(§ 12 ?, 2 ). 

2. Sulphuric Acid from all the other Acids.* 

«. From Arsmious, ArsemiCy Phos2)horiey\ Boracicy OxaliCy and 
Carhmtv Acids. 

Acidify tlie dilute .solution strongly with hydrochloric acid, 223 
mix with chloride of barium, and filter the sulphate of baryta from 
the solution, which contains all the other acids. Determine the 
sulphate of baryta as directed § 132. If acids are present with 
which baryta forms salts insoluble in water but soluble in acids, 
the sul])hate of baryta is ajit to carry down with it such salts, and 
this is all the more liable to hajipen, the longer the precipitate is 
allow-ed to settle. This remark applies esjiecially to the oxalate 
and tartrate of baryta and the baryta salts of other organic acids 
(H. Rose). In such cases I would recommend, after washing, to 
sto]) uj) the neck of the funnel, and digest the precipitate with a 
solution of bicarbonate of soda, then to wash with water, with 
dilute hydrochloric acid, and again with water. In every case, 
however, the ]mrity of the weighed sulphate of baryta must be 
tested as directed § 132, I. 

In the fluids filtered from the sulpliate of baryta the other acids 
are determined according* to the directions of the Fourth Section, 
after the removal of the excess of chloride of barium. Or the 
other acids may be estimated in separate portions of the substance, 
which is indeed usually the best way, and for carbonic acid is of 
course the only way. 

h. From Hydrqffuoric Acid. 

a. When sulphuric acid and hydrofluoric acid are present in the 224 

* With respect to the separation of sulphuric acid from selenio acid, comp. Wohl- 
WILL (Annal. d. Chem. u. Pharm. 114, 183). 

t If ineta phosphoric acid is present, it must first be converted into orthophosphoric 
by fusion with alkaline carbonate. 
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free state in aqueous solution, it is best to estimate the acidity in 
one portion by means of standard soda (§ 215), and the sulphuric 
acid in another (§ 132, I., 1), finding- the hydrofluoric acid by 
diflference. The sulphate of baryta should be purified by iusion 
with carbonate of soda (p. 299). 

To estimate both acids in minerals or other dry substances, 225 
it is safest, provided the fluoride can be decomposed by sulphuric 
acid, to determine the fluorine in one portion according- to 
§ 138, 3, tf, and to fuse another portion for a long* time with four 
times its amount of carbonate of soda, wliich will decompose the 
sulphate thoroughly, the fluoride generally but partially. The 
fused mass is soaked in water, the solution filtered, acidified with 
hydrochloric acid and precipitated wdth chloride of barium. The 
sulphate of baryta thus ootained generally contains fluoride of 
barium and must be purified according to p. 299 by fusion with 
carbonate of soda, A:c. 

y. An actual separation of both acids may be effected, when 226 
both are in the form of alkaline salts, by adding- carbonate of soda 
if necessary, and then precipitating the fluorine according to 
§ 138, I., adding the chloride of calcium cautiously in very slight 
excess. The sulphuric acid is for the most j)art found in the 
filtrate from the carbonate of lime and fluoride of calcium, a very 
small part is generally also found in the acetate of lime filtered 
from the fluoride of calcium. Both filtrates are acidified and pre- 
cipitated with chloride of barium (§132, I., 1. 11. Rose). 

b. Insoluble compounds may also be decomposed by fusion with 227 
six parts of carbonate of soda and potash, ami two ])arts of silica. 

The fused mass, after cooling, is treated with water, the solution is 
mixed with carbonate of ammonia, and heated, more carbonate of 
ammonia is added to rejdace what evajiorates, the silicic acid 
thrown down is filtered off and washed with water containing car- 
bonate of ammonia, a solution of oxide of zinc in ammonia is added 
to ])recipitate the remaining silica, the fluid is evaporat(‘d till all 
ammonia is driven ofl‘, filtered and the ]u-ocess concluded as in y. 

The precipitate produced by the zinc should be tested for sulphuiic 
acid. 


c. From Chrormc Acid. 

Boil the dry comjiound with strong hydrochloric acid (p. 292, /9) 228 
and estimate the chromic acid fn»m the evolved chlorine. Neu- 
tralize some of the acid with ammonia, dilute and })recipitate the 
sulphuric acid by long boiling with excess of chloride of barium. 

The sulphate of baryta thus obtained retains sesquioxide of chro- 
mium (H. Rose) and must always be fused with carbonate of soda 
&c. (p. 299). 

d. From Ilydrofluosilieic Acid. 

First throw down the hydrofluosilicic acid according to § 133, 229 
as silicofluoride of potassium, then the sulphuric acid in the filtrate 
with chloride of barium. 


e. From Silicic Acid, 

Compare 242- 
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3. Phosphoric Acid from the other Acids. 

a. Prom the cmia of arseaic, see 222 ; from mlphurie aeid, see 230 
223; from ailwic acidj see 242. 

h. From Chromic Acid. 

Precipitate the phosphoric acid by adding* nitrate of ammonia 
and ammonia and then nitrate of magnesia, and determine the 
chromic acid in the filtrate as directed § 130, I., a, or I., h, 

c. From Boracic Acid, 

Precipitate the phosjjhoiic acid with a solution of double chlo- 231 
ride of magnesium and ammonium (§ 134, h, a), wash the precipi- 
tate partially, redissolve it in hydrochloric acid, reprecipitate with 
ammonia adding a little chloride of magnesium and ammonium, 
and estimate the phos])horic acid as jjyrophosphate of magnesia. 

In the filtrate estimate the boracic acid as borate of magnesia 
(§ 136, I., 1, 6). 

d. From Oxalic Acid. 

a. If the two acids are to be determined in one portion, the 232 
aqueous or hydrochloric solution is mixed with sodio-terchloride 
of gold in excess, heat ajqdied, and the oxalic acid calculated from 
the reduced gold (§ 137, o). The gold added in excess is separated 
from the filtrate by suljdiuretted hydrogen, and the phosphoric 
acid then precipitated by double chloride of magnesium and am- 
monium. 

/3. If there is enough of the substance, the oxalic acid is de- 233 
termined in one portion according to § 137, h, or d, and the ])hos- 
phoric acid in another portion. If the substance is soluble in 
water, and the quantity of oxalic acid inconsiderable, the phosphoric 
acid may be precipitated at once with chloride of magnesium, 
chloride of ammonium and ammonia : if not, the substance is 
ignited with carlxinate of ])ota^h and soda, and the oxalic acid 
being thus destroyed, the pbosjdioric acid is determined in the 
nitric acid solution of the residue according to § 134, 1., by /3. 

c. From Ilt/drofluoric Acid. 

a. Phospliates and fiuorides are frequently found together in 234 
minerals. In the analysis of phosphorites for instance, we have to 
estimate small quantities of fiuorine, often too in the presence of 
bases such as alumina and sesquioxide of iron which increase the 
difficulty. According to my own exjierience* it is always safest in 
such cases to estimate in one ])ortion the fluorine as fluoride of 
silicon (§ 138, II., 3, a), and in another portion the phos])horic acid. 
Regarding the first estimation it must be mentioned that carbonic 
acid if jiresent must first be removed. To this end heat the finely 
powdered weighed substance with water, add acetic acid in slight 
excess, and also, if the fluoride present is soluble in water, some 
acetate of lime ; evaporate to dryness on a water bath, treat with 
water, filter, w^ash the insoluble matter, dry, separate as far as 
possible from the filter, add the filter ash," weigh, test a small 
portion for carbonic acid by heating with hydrochloric acid, and 
weigh the rest for the fluorine estimation, jf’or the estimation of 
the phosphoric acid, dissolve the finely pow^dered substance in 

* Zeitsolir. f. anal. Ghem. 5, 190, and 6, 403. 

QUANT. VOL. I. 
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hydrochloric acid, evaporate to dryness on a water hath, moisten 
w*ith a little hydrochloric acid, add nitric acid, warm, dilute, filter, 
evaporate filtrate and washing's to dryness, dissolve in nitric acid 
and proceed according to § 134, I., h, 

Where you have an alkaline phosphate and an alkaline 235 
fluoride together in aqueous solution, the phosphoric acid may be 
separated according to § 135, II., ^/, /3, as phos])hate of silver, or 
according to § 185, II., k, as phosphate of suboxule of mercury. The 
fluoride will be all in the filtrate. If the former method is 
adopted the silver is removed from the filtrate by chloride of 
sodium, and the fluorine estimated as calcium salt (§ 138, 1.). If 
the latter method is adoj>ted, as the solution is always acid, the 
use of glass and porcelain must be avoided. The mercury is 
removed irom the filtrate by neutralizing with carbonate of soda 
and — w’ithout filtering — passing sulphuretted hydrogen. The 
fluorine is estimated in the filtrate as calcium salt, according to 
§ 188, 1. (H. Rose). 

y. Substances, which are insoluble in water, and cannot be 236 
decomposed by acids, are fused with carbonate of soda and silica 
(227), the fused mass is treated with water, and the solution with 
carbonate of ammonia. In this w'ay all the fluorine and all, or 
nearly all, the phosphoric acid will be brought into solution. The 
solution is treated as in 235, ai^d any remainder of ])hos])horic acid 
in the undissolved residue is estimated according to 234- 

8. In compounds which can be decom]>osed by acids the fluo- 237 
rine may also be occasionally estimated indirectly. Dissolve in 
hydrochloric acid, evaporate with sulphuric acid in slight excess, 
till all hydrofluoric acid has escaped (the heat must not be enough 
to volatilize sulphuric acid, or jihosplioric acid might escape), and 
in the residue estimate on one hand the phosjihoric acid, on 
the other the oxides. If now we know the projiortion between 
the phosphoric acid and the bases in the substance, the escaped 
fluorine may be calculated from the excess of bases. Of course 
it is assumed that other acids are absent or estimated in separate 
portions. 

4. Hydrofluoric Acid from other Acids. 

a, Fltimdes from Borates, 

Mix the solution containing alkaline borate and fluoride with 238 
some carbonate of soda, and add acetate of lime in excess. A 
precipitate is formed, which contains tlie whole of the fluorine as 
fluoride of calcium, and liesides this, carbonate and some borate of 
lime ^ the greater jiortion of the latter having been redissolved by 
the excess of the lime salt added. Determine tlie fluoride of 
calcium in the precipitate as directed § 188, 1. The small quantity 
of boracic acid in the precijiitate is, in this jirocess, partly volati- 
lized, partly dissolved after evaporating the mass with acetic acid 
and extracting with water. It is therefore necessary to determine the 
boracic acid in a separate portion of the substance, according to 
§ 186, L, 2 (A. Stbomeyer).* 


^ Axmal. d Ohem. u. Pharm. 100, 91. 
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h. Fluorides from Silicic Acid and Silicates. 

A great many native silicates contain fluorides : care must, 
therefore, always be taken, in the analj'sis of minerals, not to 
overlook the latter. If the silicates containing fluoride are de- 
composable by acids — which is only rarely the case — and the 
silicic acid is separated in the usual way by evaporation, the whole 
of the fluorine may volatilize. 

a. Berzelius’s method. Fuse the elutriated substance with 239 
4 parts of carbonate of soda for some time at a strong red heat, 
digest the mass in water, boil. Alter, and wash, flrst with boiling 
water, then with carbonate of ammonia. The Altrate contains all 
the fluorine as fluoride of sodium, and, besides this, carbonate, 
silicate, and aluminate of soda. Mix the Altrate with carbonate 
of ammonia and heat the mixture, re})lacing the carbonate of 
ammonia, which evaporates. Filter ofl* the j)recipitate of 
h^^drate of silicic acid and hydrate of alumina, and wash with car- 
bonate of ammonia. To separate the last ])ortions of silica from 
the Altrate add a solution of oxide of zinc in ammonia, evaporate 
till no more ammonia escanes, and Alter ofl* the precipitate of 
silicate and oxide of zinc. Determine the silica in thi.s ])reci]atate 
by dissolving in nitric acid, evaporating to dryness, taking up with 
nitric acid, and Altering off the undis.sulved silica. In the alkaline 
Altrate estimate the fluorine as calcium salt (§ 188, 1.). The residue, 
insoluble in water, and the ]>recij)itate })roduced by carbonate of 
ammonia are Anally treated with hydrochloric acid according to 
§ 140, ir., «, in order to the separation of the silica 

/3. In substances readily (lecomposed by sulphuric acid you 240 
may also sejiarate and weigh the silica according to 239 one 
jiortion, and determine the fluorine in another portion according 
to § 188, II., 8, a. 

c. Fluorides, Stlicafes and Phosphates toffether. 

Compounds of this kind are not rare in nature, and may be 241 
decomposed according to 239. We cannot always rely on com- 
plete aecom})osition of the ])hos])hate, as for instance phosphate of 
lime is but partially decomposed on fusion with carbonate of soda. 

The solution, obtained after separation of the silica by carbonato 
of ammonia and the zinc solution, is made up to a deAiiite volume, 
and a portion is tested for ])hosj»horic acid with nioh'bdic solution. 

If none is present the fluorine is estimated in the measured re- 
mainder of the fluid as fluoride of calcium (§ 138, I.). If on the 
other hand phosjdioric acid is still present, treat the measured re- 
mainder of the fluid according to 235- In the original residue 
and the carbonate of ammonia iirecipitate estimate the principal 
amounts of the silicic and phospnoric acids and the bases. In the 
zinc precipitate estimate the remainder of the silicic acid, and in the 
Altrate from the latter estimate the portion of the phosjihonc acid 
which was thrown down by oxide of zinc. 

As the phosphoric acid is so divided by this method, it is well 
to make a direct estimation of it in anotner portion of the sub- 
stance, especially when only a small quantity is present. For this 
purpose decompose the silicate with hydrofluoric and hydrochloric 
acias (p. 351), add enough but not too large an excess of sul- 
phuric acid, and evaporate till all the fluorine has escajied as fliio- 

K K 2 
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ride of silicon and hydrofluoric acid. Do not increase the heat 
to the escape of sulphuric acid or phosphoric acid may be lost. 

Take up the residue with nitric acid, dilute, filter and estimate the 
phosphoric acid in the filtrate by the molybdic method (p. 307). 

If the substance can be easily decomposed with sulphuric acid, 
the fluorine may of course also be expelled as fluoricle of silicon 
and estimated according* to § 138, II., 3, a, 

5. Silicic Acid from all other Acids. 

a. In compovnds which are decomposed by hydrochloric acid. 

Decompose the substance by digestion with hydrochloric or 242 
nitric acid, evaporate the wliole on the water bath to dryness (§ 140, 

11., a)j treat with water, hydrochloric acid or nitric acid according 
to circumstances, filter ofl^ the silica, and estimate the other acids 
in the filtrate. The following points require attention. 

a. In the jjresence of borates or fluorides this method cannot 
be used, employ 243- 

3. In the j)resence of plios|)horic acid the silica always retains 
a small ])ortion, which cannot be extracted by washing with acidi- 
fied water (H. Rose, W. Skey"^). After washing the silica with 
water, treat it repeatedly with ammonia, which will leave only a 
very minute (juantity of the phosphoric acid. Evayiorate the 
ammoniacal fiuid, finally adding a little hydrochloric acid, dissolve 
in water with addition of a little nitric acid, filter off* the small 
amount of silica which was taken up by the ammonia, and estimate 
tlie remainder of the phosphoric acid in the filtrate. 

h. In CO mjMmnds which arc not decomposed by hydrochloric acid. 

Fuse with carlionate of yiotash and soda (]>. 348), and treat 243 
tlie residue either at once cautiously with dilute hydrochloric or 
nitric acid, in order to jiroceed with the solution according to 242 
(not ajiplicahle in yiresence of boracic acid or fluorine) ; or taking 
the fluid obtained by boiling the residue with water, precipitate 
the dissolved silica by warming with carbonate of ammonia, and 
throw down the last portion of silica from the filtrate by oxide of 
zinc dissolved in ammonia (239)- 

The silicic acid is then found jiartly in the residue left undis- 
solved by water, jiartly in the jirecijiitate produced by carbonate of 
ammonia and jmrtly in the preci])itate produced by the zinc solu- 
tion. Separate it according to § 140, Jl., a, Boracic acid and fluo- 
rine -will be found entirely in the last alkaline filtrate (239). Re- 
garding pho.sphoric acid see 241- Sulphuric acid jiasses for the 
most part into the last alkaline filtrate, yet it is w^ell also to 
examine the acid filtrates from the silica. 

fi. Carbonic Acid from all other Acids. 

Wlien carbonates are heated with stronger acids, the carbonic 24' 
acid is expelled j the presence of carbonates, therefore, does not 
interfere with the estimation of most other acids. And as, on the 
other hand, the carbonic acid is determined by the loss of weight 
or by combination of the expelled gas, the iiresence of Salts of 
non-volatile acids does not interfere with the determination of the 


* ZeitBchr. f. anal. Chem. 8, 70. 
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carbonic acid. Accordingly, with compounds containing carbonates, 
sulphates, phosphates, <kc., either the carbonic acid is determined 
in one portion, and tbe other acids in another, or both estimations 
are performed on one portion. In the latter case the process 
described p* 340, e, or p. 343, < 7 , may be used with advantage, the 
other acids being determined in the solution remaining m the 
decomposing iiask. In presence of fluorides, one of tlie weak 
non-volatile acids, such as tartaric acid or citric acid, must be 
employed to expel the carbonic acid ; since, were sulphuric or 
hydrochloric acid used, part of the liberated hydrofluoric acid 
would escajie with the carbonic acid. If, as will occasionally 
happen in an analysis, a mixed precipitate of fluoride of calcium 
and carbonate of lime is thrown down from a solution, the two 
salts may be separated by evaporating with acetic acid to dryness, 
and extracting the residue with water ; the acetate of lime formed 
from the carbonate is dissolved, the fluoride of calcium is left 
behind. 


SECOND GUOUP. 

HYDROCHLORIC ACID— HYDROBROMIC ACID HYDRIODIC ACID 

HYDROCYANIC ACID HYDROSULPHURIC ACID. 

I. Separation of the Acids of the Second Group from 
THOSE of the First. 

§ 16?. 

a. All the Aeids of th^' Second Croup from those of the First, 

Mix the dilute solution with nitric acid, add nitrate of silver in 245 
excess, and filter ofl‘ the insoluble chloride, bromide, iodide, 
of silver. The filtrate contains the whole of the acids of the first 
group, the silver salts of these acids being soluble in water or 
nitric acid. Carbonic acid must, under all circumstances, be 
determined in a separate portion (§ 139, d, e or (j). If method 
d or ^ is employed tlie remarks on p. 338 must be borne in mind. 

h. Some qf the Acids qf the Second Group from Acids of the First 
Cnmp, 

As it is often inconvenient for the ftirther separation of the 246 
acids of the second group to have them all in the form of insoluble 
silver compounds, the analysis is sometimes effected by separating 
first the acid of the first gi'oup, then that of the second. If the 
quantity of substance is large enough, the most convenient way 
generally is to determine the several acids, e.g.j sulphuric acid, 
phosphoric acid, hydrochloric acid, sulphuretted hydrogen, ifec., in 
separate portions. 

Of the infinite number of combinations that may present them- 
selves we will here consider only the most important. 

1. Sulphuric Acid may be readily separated from chlorine, 247 
bromine, iodine, and cyanogen, by precipitation with a salt of 
baryta. If the acids of the second group are to be determined in 
the same portion, nitrate or acetate of baryta is used insU‘ad of 
chloride of barium. In presence of sulphuretted hydrogen, 
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sulj»huric acid cannot Le determined in this way, ns y)art of the 
suljdiuretted hydrop:en would be converted into sulphuric acid by 
the t)Xy{ 2 :eu of the air. The error tlius introduced into the process 
inav be very considerable (Fresenius*). The suljihuretted 
hytlrog'en must, therefore, first be removed by cliloride of copper, 
and the sulphuric acid determined in the filtrate ; or, the sulphu- 
retted hydrogen must be comjdetely oxidizc'd into sulphuric acid by 
chlorine or bromine, and a corresponding- deduction afterwards 
made in calculating- the quantity of the sul]>huric acid. In other 
cases it is well to expel the sulphuretted hydrogen according to 
p. ;f80, r, by heating with liydnKdiloric acid, and to estimate the 
sulphuric acid in the residual fluid. 

2. Phosphoric Acid may be preeijntated by nitrate of 248 
magnesia and aanmonia, after addition of nitrate of ammonia ; 
OXALIC ACID by nitrate of lime ; chlorine, bromine, iodine. See,, 
are tleterinined in the filtrate. 

•T Chlorides i\ Silicates. 

a. If the silicates dissolve in dilute nitric acid, precipitate the 249 
highly dilute sfdution with nitrate of silver, without amdyingheat, 
renitive the excess of silver from the filtrate by dilute hydrochloiic 
acid, still without apjdying heat, and then sejuirate the silicic acid 

in the usual way. 

b. If tile silicate liecomes gelatinous upon decomposition with 
nitric acid, dilute, allow to deposit, filter, wash the sejiarated 
silicic acid, and treat tlie filtrate as in 

In the pri>cesses// and b the chloride of silver may contain silica. 
Heduce the ^^elghed silver salt by hydrogen and treat with nitric 
acid, the silica will remain behind. 

r. If nitric acid fails to d<»c<mipose the silicates, mix the sul>- 
stance with carhonatp of soila and pohi.ssa, inoisf(*n tlie muss with 
water, dry in the crucible, fuse, boil w ith water, remove the dis- 
>olved silicic acid by carbonate of ammonia and oxide of zinc 
dis.solvedin ammonia (239 )» ami then ]»n^cipitate, after addition of 
nitric acid, w ith nitrate of silver. 

d. It the silicates are readily dix'oriq^osed by ucid.s, chlorine may 
be estimated in them by heating with motlerately strong sulphuric 
acid, and collecting the evolved liydrocblonc acid in receivers, the 
first of wind] is filled with wjiter, the .second with wat4*r ( ontaining 
ammonia. During the operation jia.ss a current of air through the 
ajqiaratus and heat till coj>i(jus fumes of suljtiiuric acid pass over. 

IJie apparatus, fig. 7H, j). ITlf, w-iJl answer the purpose if ]>rovision 
Is made for the current of air (II. Kosk). Tiie chlorine in the con- 
tents of the receivers is estirnateil according to § 141, a. 

4. Chlorides in presence of Flihikides. 

If the substance is soluble in wati*r, the seqiarution may Ik* 250 
effected as directed 245 ; but it is more convenient to precipitate 
the duorine with nitrate of lime, and tJie cidorine in tae filtrute 
with nitrate of silver. Insoluble compounds are fused with car- 
Iionate of soda and silicic acid, and treated us in 251* 

* Jooni. I prskt. Cbein. 70, 0. 
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6. Chlorides in presence of Fluorides in Silicates. 

Pr(»ceed as directed 239« Saturate the alkaline filtrate nearly 251 
with nitric acid, precipitate with nitrate of lime, separate the fluo- 
ride of calcium and the carbonate of lime as directed in 244, and 
precipitate the chlorine in the filtrate by nitrate of silver. 

6. Sulphides in Silicates. 

If the substance is decomposable by acids, reduce it to the 252 
very finest j^owder, and treat with fuming* nitric acid free from 
suljdiuric aci<l (§ 148, II., 2, «, p. 387), or with rather dilute nitric 
acid in sealed tubes at 120 — 150® (Carius*). When the sulphur is 
completely oxidized, rinse the contents of the flask or tube into a 
<iish, eva}K)rate on the water bath, treat with hydrochloric or nitric 
acid, dilute, filter off the silica, and determine in the filtrate the 
sulpliuric acid formed. If, on the contrary, the substance is not 
decomjmsable by acids, fuse with 4 parts of carbonate of soda and 
1 ])art of nitrate of notassa, boil the fused mass with water, filter, 
remove thedis^olvea silicic acid from the filtrate by acidifving with 
liydr(»chloric or nitric acid and evaporating, and proceed as above 
directed. 

7. Sulphides in presence of Carbonates. 

If you have to estimate suljdmr in suljihides, which can easily 253 
be decomjKised b}' acids (c.//., suljdiide of calcium), in presence of 
carbonic acid, (iecom)»os(‘ the substance by heating with hydro- 
chloric acid, dry the evolved mixture of sulphuretted hydrogen and 
carbonic acid, take uii the .mi I pliu retted hydrogen by tubes filled 
with jmmice prejiareil with suljdiate of cojmer (p. 383), and the 
carbonic acid by soila-lime tubes (p. 341). For details see 
Analysis of Black in the S]>eeial Part. 

SwppIrmmL 

Analysis of Oompot^nds, containing Alkaline Sulphides, 
Carbonates, Sulphates, and Hyposulphites. 

§ 1G8. 

The followinjr method was first employed by G. WertherI 254 
in the exaiuiimtiou of gunjKiwnler rendues. N. Fedorow+ has 
shown that the original proce.ss incliuled an error, which has been 
put right in the method described below. 

Put the substunce into a flask, add water, in which a suflicient 
ijuantity of lairboimte of cadmium^ is susjiended ; cork, and shake 
the vessel well. The alkaline sulphide decorajmses completely 
with the carbonate of cadmium. Filter the yellowish precipitate 
otf, and treat it with dilute acetic acid (not with hydrochloric acid); 
tlie carbonate of cadmium dissolves, the sulphide of cadmium is 
left undissolved. Oxidize the latter with chlorate of potassa and 
nitric acid (ji. 388), or with bromine (p. 388), and precipitate 

* Comp. “The determinatioD of Sulphur in organic bodieu.’* 
f Jnum. f. prakt. Chem. 55, 22. t ZeiUchr. f. anal Cbem. 9, 127. 

I To obtiUD the oarbonate of cadmium free from alkali, carbonate of ammonia 
muBt be ue«»d ae precipiUnL 
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with chloride of barium the sulphuric acid formed from the 
sulphide. 

Heat the fluid filtered from the yellow precipitate, and mix 
with solution of neutral nitrate of silver. The precipitate consists 
of carbonate of silver and sulphide of silver (KU,S,0, + AgO, 
NOj+ HO= KO,SO, + AgS + HO,NOJ. Filter it off, and wash 
with carbonic acid water, then remove the carbonate of silver by 
ammonia and precipitate the silver from the ammoniacal solution 
bv acidifj’ing with nitric acid and adding chloride of sodium. 
£ach eq. chloride of silver so obtained corresponds to 1 eq. car- 
bonate.’^ Dissolve the sulphide of silver in dilute boiling nitric 
acid, determine the silver in the solution as chloride of silver, and 
calculate from the result the quantitv of the hyjjosulphite ; 1 eq. 
AgCl corresponds to 2 eq. sulphur in liyposuiphurous acid, and 
accordingly to 1 eq. hyposuljdiite (KO,S.,C).). 

From the fluid filtered from the sulphide and carbonate of silver 
remove first the excess of silver by means of hydrochloric acid, and 
then precipitate the sulphuric acid by a salt of baryta. From the 
sulphuric acid found you have, of course, to deduct the quantity of 
that acid resulting from the decom]K)sition of the liyposuiphurous 
acid, and accordingly for 1 part of chloride of silver formed from 
the sulphide, ’279 parts of sulphuric acid. The diflerence givCvS 
the amount of sulphuric acid originally present in the analysed 
compound. By wav of control, you may detf*rmine, in the fluid 
filtered from tfie sulphate of baryta, the alkali as sulphate (§ 97 or 
§ 98). Comp. “ The analysis of black ash and the lie from soda 
residues,” in the Special rart. 

If. Separation of the Acids of the Second Group 

FROM each other. 

1. Hydrochloric Acid from IIydrobromic Acid. 

All the methods of direct analysis hitherto proposed to effect 
the separation of chlorine from bromine are defwtive. The bromine 
is tlierefore always determined in a more indirect way. 

a. Precipitate with nitrate of silver, wash the precipitate, w'ash 255 
it from the filter into a porcelain dish, extract the filter with hot 
ammonia, evajiorate the ammonia in a weighed yiorcelain crucible, 
add the principal quantity of the precmitate, dry, fuse, and weigh. 
Transfer an aliiniot part of the mixed cfilorule and bromide of silver 
to a light weijilied Dulh-tube of hard glass, f fuse in the bulb, let 
the mass cool, and weigh. This oj>eratiun gives both the total 
weight of the tube with its contents, and the weight of the |M)rtion 
of mixed chloride and bromide of silver in the bulb. The greatest 
accuracy in the several weighings is indisjMuisuhle. !Now transmit 
through the tube a slow stream of dry pure chlorine gas, heat the 

^ A qfuuitttj equivalent to the eulphiile found bee to be deducted from this 
(K8>f CdO,CO^»OlS'|' KOfCO,). On the othf^r hand, a quantity equivalent to the 
•olphide of eilver mutit be addefl, for each eq. of Holphule of ailver from the hy|>o- 
Milphtte gives 1 eq. HO, NO., which deoompoeut I eq. carbonate of ailver. Thia 
eorreetiott waa overlooked by wekthi<r. 

f The beet way of efleoting the removal of the fuaed maaa iVom the crucible it to 
Ibae ig«fa, Md then pour oat. 
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contente of the bulb to fusion, and shake the fused mass occasionally 
about in the bulb. After the lapse of about 20 minutes, take off 
the tube, allow it to cool, hold it in an oblique [K)8ition, that the 
chlorine gas may be replaced by atmospheric air, and then weigh. 

Heat once more for about 10 minutes in a stream of chlorine gas, 
and weigh again. If the two last weighings agree, the experiment 
is terminated; if not, the oj>eration must be rejieated once more, 

'J'he loss of weight suffered, multiplied by 4*22297 (which may be 
taken as 4*220), gives the quantity of the bromide of silver de- 
composed by the chlorine. For the proof of this rule, see § 200, 

This method gives very accurate results, if the projKirtion of 
bromine present is not too small ; but most uncertain results in 
cases where mere traces of bromine have to be determined in 
jiresence of large quantities of chlorides, as, for instance, in salt- 
springs. To render the method available in such cases, the great 
]ioint is to produce a silver compound containing all the bromine, 
and only a small jiart of the chlorine. This end may be attained 
in several ways. In these processes the quantity of chlorine is 
found by completely precipitating a separate portion w ith silver 
solution, and deducting the bromide of silver found from the weight 
of the precipitate. 

a. Mix the .solution wdth carbonate of .soda in excess (if a pre- 
cipitate is formed, do not filter), evaporate to dryness, powder the 
residue, extract wdth hot absolute alcohol ; the solution contains 
the w’hole of the alkaline bromide, and only a small portion of the 
alkaline chloride, add a drop of soda solution, and evajiorate, dis- 
solve the residue in water, acidify w*ith nitric acid, and precipitate 
w'ith silver solutum. 

/3. Fehlino’s method.* Mix the solution cold with a quantity 256 
of solution of nitrate of silver not nearly sufficient to effect com- 
jdete precijiitation, shaking the mixture vigorously, and leave the 
jirecijutate for some time in the fluid, with rejieated shaking. If 
the amount of the precipitate produced corresjionds at all to the 
ijuantity of bromine pr(*seut, the whole of the latter substance is 
obtained in the precipitate. 

Fehlixo gives the following rule : — 

If the fluid contains 1 bromine to 1000 chlorine use x i 
quantity of nitrate of silver that would be required to effect com- 
plete ])recij)itation ; if the fluid contains 10000 times as much 
chlorine as bromine, use ; if 50,000, use ; if 100,000, use 
Wasli the mixed precipitate of chloride and bromide of silver 
dry, ignite, w^hgli, and treat with chlorine as above, 
y. March AND f has slightly modified Fehling’s method. He 257 
reduces with zinc the mixed precipitate of chloride and bromide of 
silver obtained by Feh lino’s fractional precipitation, deconqmses 
the solution of chloride and bromide of zinc with carbonate of soda, 
evajiorates to dryness, and extracts the residue with absolute 
alcohol, which di.ssolves all the bromide of sodium with only a little 
of the chloride of sodium ; he then evaporates the solution to dry- 
ness, takes up the residue with w*ater, precipitates again with 
nitrate of silver, and subjects a part of the weighed precipitate to 
the treatment with chlorine. 

* Juuru. f. pmkt Chein. 45, 269. 


f Ilk 47, S63. 
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fi. If a fluid containing' chlorides in presence of some bromide 
is heated in a retort with hydrochloric acid and binoxide of 
mang'anese, the whole of the bromine j^asses over before any of 
the chlorine. Upon this circumstance Mohr* bases the following* 
-method for eflecting the concentration of brcnnine : — Distil as 
stated, and conduct tiie vapors, througli a doubly bent tube, into a 
wide W uhlf’s bottle, which contains some strong* ammonia. Dense 
fliraes form in the bottle, filling* it g-radually. Conduct the excess 
of vapors from the first into a second bottle, "with narrow^ neck, 
containing* ammonia ted water. Doth bottles must lie sufficiently 
larg*e to allow no vajiors to escape. When the whole of the bromine 
is evolved, w'hich may be distinctly seen by the color of the sj>ace 
above the liauid in the retort and tubes, raise the cork of the flask 
to prevent tne rececUng* of bromide (»f ammonium fiunes. Let the 
apparatus cool, and unite tlie contents of the two bottles; the fluid 
eontams the whole of the bromine, with a relativeh" small portion 
of the chlorine. 

b. Instead of treating the mixed chloride and bromide of silver 258 
in a current of chlorine as in a, it may also be reduced to metallic 
silver, in a current of hydrogen. After accurately determining the 
w’eight of the reduced metal, calculate the amount of chloride of 
silver equivalent to it, subtract from this theweiglit of the cliloride 
and bromide of silver subjected to tlie reducing ]>rocess, and we 
ba\e the same difference as served in a for the point of dejmrture 

of the calculation (WArKENRoDEU). The met nod has no advan- 
tage over as bromide of silver rerpiircs a v(‘ry strong beat long 
continued for reduction in hydrogt'ii. It will be seen that one and 
the same portion of mixed bromide ami chloride of silver may l>e 
tieated first us directed in «, then, by way of control, as directed 
in b, Tlie difference found in the direct way in the first, and by 
calculation in the second experiincuit, between tlie weight of tlie 
mixed chloride and bromide of silver and the amount of chloride 
of .silver equivalent to it, must be the same. 

c. Fr. MoHRf recommends to preeijatate by a known quantity 259 
of silver the bromine and part of the chlorine, and to weigh the 
mixed ]»recipitate of chloride and bromide of silver; which will 

of course again furnish the same data for cab ulation us in b. 

The known quantity of silver used as precipitant is either weiglied 
off directly and di.s.srdved in nitric acid, or added in form of u 
standard solution. Thi.s method is more convenient than a, but [ 
do not consider it quite so accurate, more particularly for small 
quantities of bromine. It presiqiposes that a weighed quantity 
of silver will give an alisolutely corresjionding amount of chloride 
of silver, which practically is not tlie case, errors to the extent of 
some milligrammes being scarcely uvoiduhle ; it may accordingly 
hap{>en that bromine is calculaUMl from the supposed difference, 
even in cases where there is absolutely none tiresent. Kow the 
method a is not so liable to lead to such mistaices, at least not to 
the same extent. On the contrary, a simjile experiment will show 
that pure chloride of silver, heated cautiously in a light bulb- 
tube in a current of chlorine, suffers no alteration of weight ; au 
error occurring in this ojieration to the extent of ^ mgrui. is lesa 

* Ajuud. d. Cbem. o. Pliarm. 93, 80. i It. 93, 76. 
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excusable than one to the extent of 2 mgrm. arising in the con- 
version of 2 or 3 grm. of silver into chloride, especially if a filter 
is used in the jirocess ; and this can hardly ever be dispensed with 
in a partial precipitation, as, in such cases, the precipitates always 
subside less readily and completely than in cases of complete 
precipitation. 

PrsANi’s method* may be looked upon as a modification 260 
of c. This chemist recommends to add a known Quantity of 
nitrate of silver in slight excess, filter, and determine the silver in 
the filtrate by iodide of starch (p. 240). The precijiitate is 
weighed as in r. This method precludes the partial precipitation. 

Determine in a portion of the solution the chlorine + bro- 261 
mine (by jirecipitating with silver), either gravimetrically or 
volumetncally ; in another portion the bromine, either by the 
colorimetric method (§ 143, I., b, y) or volumetrically (§ 143, 

I., bf a or ^), Calculate the chlorine from the difference. The 
method is very suitable for an expeditious analysis of mother- 
liquors. 

y*. Compare 271 anti 272. 

2. Hydrochloric from Hydriodic Acid. 

a. Mix the solution with nitrat^e of protoxide of palladium, 262 
and determine the pr(‘cipitated protiodide of palladium as directed 

§ 145, I., rt, CondiK't sulphuretted hydrogen into the filtrate to 
remove excess of the palladium, destroy the excess of suljihuretted 
hydrogen liy solution of sulphate of ses(|uioxide of iron, and pre- 
cipitate the chlorine finally with solution of silver. It is generally 
found more simple and convenient to precipitate from one |>ortion 
the iodine, by means of })rotochlonde of palladium, as directed 
§ 145, J., a, from another portion, the chlorine and iodine 
jointly with nitrate of silver, and to calculate the chlorine from 
the difference. If you have no solution of nitrate of ])rotoxide of 
jialladium ready, and the chlorine and iodine must be determined 
in one portion of the solution under examination, add a measured 
quantity of a solution of ]>rotochloride of palladium, determine the 
amount of chlorine in this in another exactly equal ]H)rtion of the 
same solution, and deduct it. The results are accurate. In the 
case of fluids containing a large projiortion of alkidine chlorides 
to a small quantity of iodide — and such cases often occur — the 
iodide is concentrated by adding carbonate of soda to the fluid, 
evaporating to dryness, extracting the re.sidue w’lth hot alcohol, 
evaporating the arcohohc solution with addition of a drop of solu- 
tion of soda, and taking the residue up with water. 

b . Proceed exactly as for the indirect determination of bromine 263 
in jiresence of chlorine (255). "i'he greatest care must be t^en 
that as little as possible of the mixed chloride and iodide of silver 
adheres to the filter, for iodide of silver dissolves only very slightly 

in ammonia. Any particles of iodide of silver remaining attached 
to the filter may be saved by incinerating the filter and evanoratin^ 
the ash with a drop of nitric acid and a drop of hydriodic acid. 

The loss of weight suffered by the silver }»recipitate on fusion in 
chlorine multiplied by 2*5(39 gives the amount of iodide ot silver 

♦ Compt, read. 44 , S62 ; Jouni* f. prakt. Cbem. 72, 266. 
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present. The methods 259 and 260 wioy be also employ ed. These 
methods give in this case still better results than in the separa- 
tion of bromine from chlorine, inasmuch as the ditference between 
the equivalents of iodine and chlorine is far greater than the dif- 
ference betw'een those of bromine and chlorine. Regarding the 
concentration of the iodide, if necessary, see 262* 

c. Liberate the iodine by nitrous acid, take it up with bisul- 264 
phide of carbon, wash the latter, and then estimate the iodine in 

It bv hyposulphite of soda ({>. ddO, /3). 

in this process the chlorine is determined, either in the fluid 
separated from the violet bisulphide of carbon, or with greater accu- 
racy, by precipitating the chlorine + iodine in a second jiortion 
with silver, and deducting the weight of iodide of silver corre- 
sponding to the iodine already found from the w eight of the preci- 
pitate. A good and ajiproved method. 

If the quantity of iodine is small, the following method may 
also be used with advantage for estimating it 

The bisulphide of carbon should be thoroughly washed, covered 
with a layer of water, and in a stoppered bottle. Add drop by 
dro]i, with shaking, dilute chlorine water (of unknown strength), 
till the coloration has yW vanished, and all the iodine is conse- 
(juently converted into ICl,. Sejiarate the solution from the 
bisulphide, add iodide of potassium .solution in sufficient excess, 
and determine the free iodine after § 140. Six parts of the iodine 
found correspond to 1 part originally present. If the analyst 
would avoiil the trouble of pouring otf the tiuid from the bisui- 
jihide, and of wa.shing the latter, he may transfer the mixture, 
after the aildition of chlorine to deetdoration, to a somewhat 
narrow measuring cylinder, note the volume occujiied by the 
j^ientachloride of iodine solution, take out a portion with a pijiette, 
and proceed as above directed. 

Instead of the bisulphide, Moride* uses benzol, RooERf 
chloroform, and iustea<l of nitrous acid the latter chemist employs 
iodic acid. This last reagent was formerly proposed by v. LiEisia 
for the same purpose ; it is added in dilute solution to the dilute 
6uid mixed with sulplmnc acid. It follows, from the equation 
oHI + I0, = OHO + I,, that only J of the iodine here found belongs 
to the iodide originally pre.stmt. 

d. Estimate m one |K)rtion the chlorine and iodine according to 265 
§ 141, I., bj Uj in another portion the iodine alone according to 

§ 145, I., b, y, d or c. The chlorine is found by ditference. 

The method § 140, I., b, S (Rjsa.m’s) is very rapid, and in the 
presence of little chloride gives approximate results ; in the 
presence of much chloride the results however are entirely un- 
trustworthy, compare, j). I’lie method § 140, 1., by y 

(Reiniqe’s) cannot he employed if the solution contains organic 
matter or any substance wiiich reduces |>ermaaganute of |)otasb. 

The method § 140, I., by < cannot be used if the tiuid contains 
chloric, nitrous or nitric acid. 

€. For technical purposes the following method is also suitable. 266 
It was recommended by Wallace and LamontI fur the estimation 

* Compt. rend. 35, 789 ; Joum. f. pnikt. Chetii. 53, 317. 
t Jonrn. de Fbatfo. 37, 410. 4 COetn. Guz. 1859, 187. 
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of iodine in kelp. The kelp-lie is nearly neutralized with nitric 
acid, evaporated to dryness, and the residue fused in a platinum 
vessel to oxidation of all the sulphides. Treat with water, filter, 
add nitrate of silver till the precipitate appears perfectly white, 
wash, dig’est with strong’ ammonia, and weijni the residual iodide 
of silver. Finally, add to the weight of the latter the amount 
which passes into solution in the ammonia ; it is of the 

aqueous ammonia (sj». gr. *89) used. 

Finally compare 268, 271, 272- 

3. Chlorine, Bromine, and Iodine from each other. 

«. The three metalloids are determined jointly in a portion of 267 
the fluid, by ]»recipitatiiig with solution of nitrate of silver (§ 141, 

I., a or b, a). To determine the iodine, another portion is pre- 
cipitated with chloride of palladium in the least possible excess 
(§ 145, I., fl, /3). The fluid filtered from the precipitate is freed 
from ])alladium by sul]>huretted hydrogen ana the excess of the 
latter removed by means of snlphate of sesquioxide of iron ; the 
chlorine and bromine are tlien precijutnted jointly, either com])letely 
or partially with nitrate of silver and the bromine determined as 
directeil 255- 

If the comjiound contains a large proportion of chlorine to a 
small proportion of bromine, the iodine may be precipitated also 
by nitrate of palladium, as there is no danger, in that case, of 
protobromide of ])alladium being coprecipitated. The filtrate is 
treated as above. 

These methods give accurate results ; Tmt they are applicable 
only if the quantity of iodide present is somewhat considerable. 

b. Mix the neutral tlilute and cold Nolution containing alkaline 268 
iodide with alkaline chloride or alkaline bromide or both, with a 
saturated neutral solution of nitnite of thallium stirring well till, 
on rejieated trial, you obtain a transient white ])recipitate — the 
first and permanent precipitate being yellow. It is best to have 
the thallium solution in a ourette so that you can easily add it by 
drops. If the white precipitate of chloriile or bromide of thallium 
does not at once disa]q>ear on stirrinir, add more water but not an 
unnecessary quantity or some of the iodide of thallium will remain 
in sidution. 

Allow to stand eight or twelve hours in a cold place, pour off 
the clear fluid through a weighed filter dried at lOlF, wash the 
filter a little, so that no more water than necessary may ])ass 
through the precipitate, turn the precqufate on to the filter, wash 
with as little water ns you can, dry at lOlF and weiirh. Precifiitate 
the chlorine and bromine in the filtrate by silver solution. If they 
are both ]ire8ent the mixed silver ]»recipitate is to be treated accord- 
ing to 255* Result.s ipiite satisfactory (Hubner and Spezia,* 
and Hubner and ' 

r. Remove the iodine from the solution by bisulphide of carbon, 269 
or chloroform, as in 264 ^he fluid separated from the iodized 
bisulphide of carbon determine the chlorine and bromine as 
directed 265, the iodized bisulphide of carbon, the iodine 


Zeitschr. f. auid. Cliem. 11, 397. 


+ Ib. 11, 400. 
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an tiirecfi^d fi. Thin in imitieMlnrlv r<H?oiiimeii(lecl 

for tlif* n**fittr«tion of nnmll t|UiititiUi^ of itiiliiio^ iioa in ihi« nH\wct 
is sHpithitmitarr fo 267* ^ , , , 

d. iKdontmu* in a wrtion of tin’ conifHwna tb^ chlorine, 270 
bromine, and ioiline juinNv by iiddinp a known quuiiUt} of standard 
silver solution in slifrbt excess, filtering ami def«*rniininL'‘ tlw small 
excess of silver in the filtrate by italide of starch (|>. 14(1). Tlw 
precipitate is weijrlieil, compare 263- ^ tiow' know the total of 

the ciiloride, bromide and iodide of silver and also the silver therein 
contained. 

Determine the iodine separately ns in 269» calculate the 
quantity of iodide of .silver and 'of silver correspond in*^* to the 
amount found, deduct the calculated amount of iodide of silver 
from the mixed iodide, chloride, and bromide of silv(‘r, that of the 
silver from the kiiowm quantity td‘ the m(‘tal contained in the 
mixed compound ; the remainders are respectively the joint 
amount of chloride and bromide of silver, and the (piuntity of the 
metal contained therein ; these are the data fur calculating* the 
chhu’iiie and bromine (258)* 

r. Fre.slily precipitated chloride of silver is converted by .solu- 271 
tion of bromide of potassium into bromide of silver, and fre.shly 
precipitated bromide and chloride of silver are converted I>y iodide 
of potassium solution into iodide of silver. Upon these facts F. 
Fikld* bases the following: process for determining: the three 
halogen'^ when ])resent together, in combination vvitli nu'tals ; — 

Place tliree exactly eijuul portions of the .substance in threi' stop- 
pered h(.ttleN, add about .‘sU c.c. water, and silver solution in ex- 
ce.s.s, shake violently, and wash the precipitates 1., 11., and III. 
completely with hot vsater. 1. is dried and weig-hed, tlie vveig*ht 
rejjresents the .sum of the chloriile, bromide and iodide of silver ; • 

II. and III. are digested with bromide and iodide of potassium 
solutions respectively for lO hours; the .solutions must he dilute, 
and enqiloyed in not too larg*c excess, and without warming*, 
otherwise they will dissolve j»ercej»tihle truces of the silviu* salts. 

II. and III. are finally washed, ig-nited, and weig-hed. 11. is a 
mixture of bromide and iodide of silver, 111. is pure iodide of silver. 

The calculatiiui is as follows ; — 

a. Tlie difference between the e(juiva]ent.s of bromine and 
chlorine ( = 44*4ilj: the e<|. chloride of silver ( - 14.‘l*di») :: the 
difference between the weig-hts of 1. and II. : the chloride of silver 
contained in I. 

. The difference between the eijuivalents of iodine and bromine 
( = 40*00) : the eq. bromide of silver ( = liS7 8H) : ; the difference 
between II. and 111. : the quantity of bromide of silver in If. 

Deduct the bromide of silver so found from the w'eig-ht of 11.; and 
the remainder is the iodide of silver. 

y. Finally subtract the sum of the chloride of silver found in a, 
and the iodide of silver found in (i, from the precipituU^ I., and the 
remainder will represent the bromide of silver. The metliod is of 
interest from a tueoretical jioint of view. Field’s results were 
tolerably satisfactory. 

* Qusrt. Joum. Cbem. Boa 10, 234 ; Joam. f. { r*kt. Chem. 73, 404 ; abo Cheni. 

Newt, 2, m. 
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Tlie method was submitted to a searching examination by 0. 
Huschke* * * § and M. SiEWEUT.f The former employed the bromide 
of potassium solution of the strength 1 in 48, tne iodide of potas- 
sium of the strength 1 in 34, and digested for an hour. He 
obtained 5*248 and 5 200 grains iodine instead of 5 287, 3*313 and 
3*349 grains bromine instead of 3*3^13, and 1*477 and 1*490 grains 
chlorine instead of 1*503. 

SiKWERT worked with cold and with hot solutions, and 
obtained unsatisfactory results. He found that the conversion of 
chloride of silver into bromide is incomidete, and that on boiling 
bromide of silver with chloride of sodium chloride of silver is 
formed. He found, on the contrary, that the conversion of chloride 
of silver and bromide of silver into the iodide was complete. 

Field’s method cannot, therefore, be used, unless all the three 
halogens are present in relatively large (piantities, and approximate 
results will suffice. It is absolutely inapplicable to mineral water 
analysis,! and generally for the estimation of very small quantities 
of bromine and iodine in the presence of much chlorides. 

J\ F. HA(iER’s§ method is based on the solubility of freshly 272 
precipitated chloride of silver in boiling solution of sesciuicarbonate 
of ammonia, which merely takes uj> traces of bromide of silver, 
and scarcely any iodide of silver ; the bromide and iodide of silver 
are separated by ammonia. The method only gives approximate 
results. In 8onstadt’s|| method the iodine is precipitated as 
iodate of baryta. 


4. Analysis of Iodine containing Chlorine. 


a. Dissolve a weighed quantity of the dried iodine in cold sul- 273 
phurous acid, preeijntate with nitrate of silver, digest the preci- 
pitate with nitric acid, to remove the sulphite of silver which may 
nave co])recipitated, and weigh. The calculation of the iodine and 
chlorine is made by the following eijuations, in wliich .4 represents 
the quantity of iodine analysed, j' the iodine contained in it, if the 
chlorine contained in it, and li the amount of chloride and iodide 
of silver obtained *. — 


O' + // = .4, and 
A(f + I Aff -r Cl 


Now as 


Aff + 1 


1*8508 


and 


Aff + Cl 
Cl 


-4*0437 


• Zettschr. f. anal. Chem. 7, 434. 

+ ZeitBohr. f. die gesamrat. NaturwisB. 1868, No. 1 ; Zeitschr. f. anaL Chem. 
7. 469, 

t Yet it has been so used, 500 o.c, water being employed, see Chem. Analyse dee 
Radeiner Sauerbrunneus, von Dr. Jos. Mittkrxogbr, Vienna, 1872, W. Brau* 
mOllxb, p. 5. 

§ Pharm. Centralbl. 12, 42 ; Zeitsebr. f. anal. Chem. 10, 341. 

II Cbem. News, 26, 173. 
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we have 


1*861 A 
2*1929 


A. If you have free iodine and free chlorine in solution, deter- 274 
mine in one portion, after heatin»: with sulphurous acid, the iodine 
as iodide of palladium (§ 145, I., «, ^), and treat another portion as 
directed § 146. Deduct from the apparent amount of ioaine found 
bv the latter process, the actual quantity calculated from the iodide 
of palladium : the difference expresses the amount of iodine equi- 
valent to the chlorine contained in the substance. 


5. Analysis of Bromine containing Chlorine. 

а. Proceed exactly as in 273» weig-hing* the bromine in a small 275 
g*lass bulb. Taking* A to be equal to the analysed bromine, li to 

the bromide and chloride of silver obtained, x to the bromine con- 
tained in Ay y to the chlorine contained in A, the calculation is 
made by tlie following equations : — 

and 

2-64007 A 
y' 1*09874' 

h. Mix the weighed anhydrous bromine with solution of iodide 276 
of potassium in excess, and determine the separated iodine as 
directed § 140. 

From these data, the respective quantities of bromine and chlo- 
rine are calculated by the following eciuations. I^t A re)>resent 
the weighed bromine, i the iodine founcl, y the chlorine contained 
in Ay X the bromine contained in Ay then 

a- + y = yl 

I — 1 5860 A 

"I mm 

Bunsen, the originator of methods 4 and 5, has expen- 
mentally proved their accuracy.* 

б. Cyanogen from CntoRiNE, Bromine, or Iodine. 

tf. Precipitate with solution of silver, collect the ]»recipitate 277 
upon a weighed filter, and dry in the water-bath until the weight 
remains constant; then determine the cyanogen by the im»tbod of 
organic analysis ; the quantit}- of the chlorine, bromine, or iodine 
is found by ilifference. 

b. Precijiitate with solution of silver as in a, dry the pre- 278 
cipitate at 100% and weigh. Heat the jirecipitate, or an aliquot 
part of it, in a porcelain crucible, with cautious agitation of the 
contents, to comjdete fusion ; add dilute sul])huric acid to the 
fusc^d mass, then reduce by zinc, filter the solution from the 
metallic silver and paracyanide of silver, and determine the 
chlorine, iodine, or bromine in the filtrate, in the usual way by 

* Aniial. d. Cbcm. u. Pharni. 86, 274, 276. 
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silver. The cyanide of silver is the difference. Neubauer and 
Kerner* obtained very satisfactory results by this method. 

•c. Precipitate with solution of silver as in a, weig'h the pre- 279 
cipitate and heat it, or an alirpiot part, with nitric acid oi 1*2 
s]). ^r, in a sealed tube at 100*^ for several hours, or at 150° for 
one nour. The cyanide of silver is completely decomposed, while 
the chloride, bromide, or iodide are unaffected. Filter the con- 
tents of the tube, wash the precipitate and weigh it, the loss 
indicates the amount of cyanide of silver (K. KRAUTf). 

d. Determine the radicals jointly in a jiortion by precipitating 280 
with solution of silver, and the c^^anogen in another portion, in 
the volumetric way (§ 147, I., b or c). 

7. Ferro- or Ferricyanogen from Hydrochloric Acid. 

To anah^se say ferro- or ferncyanide of potassium, mixed with 281 
the chloride of an alkali metal, determine in one portion the ferro- 
or f(*rricyanogen as directed § 147, H.. //; acidity another portion 
witli nitric acid, j>r(*cipitate with solution of silver, wash tne pre- 
cipitate, fuse with 4 jiarts of carbonate of soda and 1 jiart of nitrate 
of potassa, extract the fus(‘d ma>s with water, and determine the 
chlorine in the solution as directed in § 141. 

8. Sulphuretted Hydrogen from Hydrochloric Acid. 

The old method of sejiarating the two acids by means of a 282 
metallic salt is liable to give false results, as part ot the chloride 
of the metal may fall down with tlie sulphide. We, therefore, 
precipitate both as silver com]K)unds, dry the jirecipitate at 100°, 
weigh it, and determine the sulphur in a weighed ]>ortion ; or — 
and this is usually ]>referred — determine in a portion of the solu- 
tion the sulphuretted hydrogen as directed § l4S, I., a, b, or c, in 
anotlier portion the sulpliur + chlorine m form of silver salts. If 
you employ a solution of nitrate of silver mixed with excess of 
ammonia, for the determination of the sulphuretted hydrogen, you 
may, after filtering off the sulphide of silver, estimate thechhirine 
directly as chloride of silver, by adding nitric acid, and, if neces- 
sary, more neutral silver solution. In this case you must take 
care that the sulphide of silver is pure : should it contain car- 
bonate of lime, which is not unlikely if lime is present, you re- 
move this with dilute acetic acid. The weighed sulphide of silver 
should be reduced by hydrogen, and then weighed again bv way 
of control. To remove sul})huretted hydrogen from an acid solu- 
tion, in order that chlorine may be determined in the latter by 
means of nitrate of silver, H. Rose recommends to add solution ot 
sulphate of sescjuioxide of iron, which will effect the separation 
of sulphur alone ; the separated sulphur is allowed to deposit, and 
then nltered off. 

* Annal. d. Cbem. u. Pharm. 101. S44. 
t Zeitsohr. f. auaU. Chein. 2, 243. 
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THIRD OROirP. 

NITRIC ACID — CHLORIC ACID. 

L Separation of the Acid^ of the third Group from 

THOSE OF THE FIRST TWO (i ROUPS. 

§ 170. 

a. If you have a mixture of nitric acid or chloric acid with 283 
another free acid in a fluid coutainin^»* no ha.ses, d(‘teri]iine in one 
portion the ioint amount of the free aeid, by the acidiinetric ni(*tho(J 
(see Special Part), in another portion the acid mixed Avith the 
chloric or nitric acid, and calculate the amount of either of the 
latter from the difference. 

h. If you have to analyse a mixture of a nitrate or chlorate 284 
with some other salt, determine in one portion the nitric or chloric 
acid volumetrically (§ 14‘d, IT., rf, a, or y, or II., c, and § IhO), 
or the nitric acid by § 141), JI., //, and m another jiortion the 
other acid. I think I need hardly remark that no substances 
must be present which would interfere with the apjilication of 
tliese methods. 

c. From tlie chlorides of many metals whose carbonates or 285 
tribasic phosphates are insoluble, chlorates and nitrates may be 
separated also by di«*esting the solution with recently preci- 
pitated thuroug-hly Avashed carbonate or tribasic jihosphate of 
sih^er in excess, and boiling* the mixture. In this jirocess, the 
chlorides transjiose with the carbonate or phosjihate — chloride of* 
silver and carbonate or phosphate of the metal Avith Avhich the 
chlorine was orig-inally combined being* formed, which both 
sejiurate, together AAith the excess of the carbonate or phosphate 

of silver, Avhilst the chlorates and nitrates remain in solution 
(H. Rose, Chenfamx^ La^saigne*). 

d. The estimation of an alkaline chlorate, in jiresence of a 286 
chloride, may he effected also by precipitating one jiortion at once, 
and another jiortion after gentle ignition, with solution of silver, 
and calculating the chloric acid from the diflertuice between the 
two precipitates. Or determine the chlorine with silver solution 

in one portion at once, and in another portion after reducing the 
chloric acid with nitrous acid or protoxide of iron (§ 150, II., c 
and d). 

e. Where you have nitrate of soda or potash in jiresonce of 287 
nitrite or carbonate, as for instance in the commercial alkaline 
nitrites, estimate in one jiortion the carbonate by standard acid 
according to § 219,t in another portion the nitrous acid by 
permanganate or chromate of potash (p. 208). The nitrate is 
found by difference. 

For the estimation of nitric and nitrous acids, the base being 
either potash or soda, an indirect method may also be einployeil. 

Mix the weighed substance intimately with chloride of ammonium, 
heat moderately in a porcelain crucible till the excess of chloride 

♦ Jouni. de Pharm. 16, 289 ; Pharm. Centralbl. 1850, 121. 
t Tlie alkaline iiitriieg have no alkaline reaction. 
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of ammonium and the products of decomposition are expelled, 
dissolve the residue in water, and titrate say the chloride of sodium 
with silver solution (§ 141, T., a). After deducting the car- 

bonate of soda, if any is juesent, from the weij^ht of the substance 
taken, and the chloride of sodium equivalent to it from the chloride 
of sodium found, you will have the necessary basis for the cal- 
culation as follows : From the remaining- chhiride of sodium thus 
obtained calculate the ef|uivalont (jiiantitv of nitrate of soda, and 
deduct therefrom the total weight of the nitrate and nitrite of 
soda, the remainder will correspond to the nitrite of soda, which 
may be obtained by the followinjr jiroportion : — 10 (the difference 
between the eijuivaleiits of nitrate and nitrite of sr)da) : 00*()K (the 
equivalent of nitrite of soda):: the remainder in question : x, x 
beino- the (plant ity of nitrite of Soda in the substance taken. Finally, 
deduct the carbonate* and nitrite of soda from tlie substance taken, 
and the remainder will be tlie nitrate of soda. Of course it is 
understood that no extraneous substances are present. Coin])are 
Ticii noRNi-:* and my own rejuirt upon the method.f A similar 
indirect method may be basetl on the expulsion of nitrous, nitric 
(and carbonic) acids by vitrified borax (§ IdO, 11., c, and § 149, 
ir., (7, /^#), and also on the diffident oxidizinjj^ action of nitrous ami 
nitric acid on suljiliate of iron mixed with hydrochloric acid 
(p. 1394), comjuire C. D. BuAT^N.f 

11. Sepakation of the Acids of the Third Group 

FROM EACH other. 

We have as yet no method to effect the direct sej)arati()n of 288 
nitric acid from chloric acid ; the oiilv ])racticable way, therefore, 
is to determine the two acids jointly in a jjortion of the com- 
pound, by the methoil described for nitric acid § 149, II., d, /3, 
and for chloric acid § 150, 11., h. In another portion estimate 
the chloric acid, hy adding’ carhoiiate of soda m <'X(‘ess, evaiHjratin*^ 
to dryness, fusing’ tin* residue until the clilorate is completely 
converted into chloride, and then determining^ the chlorine in 
the latter, takin**’ care that the chloride of silver contains no diffi- 
cultly soluble nitrite. 1 eq. chloride of silver produced from this 
corresponds to 1 ecj. chloric acid, provided there was no chloride 
originally present. 

* Chem. Newn, 1865, 304. 

f Zeitsebr. f. anal. Cbeni. 4, 446. + lb. 6, 47- 
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A IR-BATHS, 45, 47, 48, 49 
Air-pump, hydraulic, 76 
Alumiua, est., 192 

— solutiou of native compounds, 191 

— conversion of al. salts into, 193 

— pp. in pure sols., 192 

— sep. from alkalies, 4 3 

— sep. from alk. earths, Index, 424 

— sep. from chiomium, 428 

— sep. from metals of (ir. IV., Index, 

433 

— fe. mn. ca. mg. k. na., sep. from each 

other, 449 

— properties, 126 
Ammonia, est., 177 

— indirect est., 180 

— expelled by distillation, 178 
^ cxiielled in the cold, 179 

— sep. from other alkalies, Index, 407 
Ammonia arsenio-molybdate, properties, 

158 

Ammonia carbonate, tests of purity, 1 01 

— uses as reagent, 101 
Ammonia nitrate, preparation, 101 

— tests of jmrity, 101 

— uses as reagent, 101 
Ammonia phosphate, preparation, 95 

— tests of purity, 96 

Ammonia phospho-molybdate, pp., 307 

— properties, 163 

Ammonia succinate, preparation, 96 

— use as reagent, 96 
Ammonium chloride, properties, 116 

— conversion of am. salts into, 177 

— uses as reagent, 101 

Ammonium and h. fluoride, preparation, 
100 

— tests of purity, 101 

— uses as reagent, 101 

Ammonium and pt. chloride, properties, 
117 

— pp. in pure sols., 178 

— conversion into pt., 178 

Antimonic aeid, sep. from sb. teroxide, 494 
Antimonious acid, properties, 153 
Antimony, est., 272 

— properties, 151 

— tit. by iodine, 275 

— tit. by permanganate, 276 

— tit. by bichromate, 275 

— tit. of sulphide, 277 


Antimony, sep. from metals of Gr. I. — V., 
Indtx, 473 

— sep. from metals of Gr. VI., Index, 485 
Antimony antimonate, conversion of sb. 

compounds into, 273 

Antimony sulphide, pp. in pure sols., 272 

— properties, 153 

Antimony teroxide, sep. from antimonio 
acid, 494 
Anvil, 40 

Arsenate iron, properties, 158 
Arsenate lead, conversion of as. oomponnds 
into, 283 

— • properties, 156 
Arsenate magnesia, properties, 157 
Arsenate magnesia and ammonia, pp. in 
pure sols., 283 

— properties, 156 

Arsenate uranium, properties, 157 

— pp. in pure sols., 284 
Arsenic, est., 282 

— tit by bichromate, 286 

— tit. by hyposulphite, 287 

— tit. by iodine, 286 

— tit. by uranium, 287 

— sep. from metals of Gr. I. — V., Index, 

473 

— sep. from metals of Gr. VI., Index, 485 
Arsenic acid, sep. from arsenious acid, 

Indent, 485 

— sep. from all other acids, 495 
Arsenic sulphide, properties, 156 

— pp. in pure as. sols., 284 

— pp. in sulphur sols., 382 
Arseuiivmolybdate ammonia, properties, 

158 

— pp. in pure sols., 284 

Arsenious acid, sep. from arsenic acid, 
Index, 485 

— sep. from all other acids, 495 

— tests of purity, 105 

— uses as reagent, 105 
Azotometer, 400 


"DALANCK, 10 
—tested, 14 
— theory, 10 

Barium chi -ride, purification, 97 
Barium silicofluoride, properties, 119 
Baryta, est., 182 
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Baryta, sep. from alkalies, hvdexi, 418 

— sep. from other alk. earths, Itidex, 418 
Baryta acetate, preparation, 97 

— tests of purity, 97 

— uses as reagent, 98 

Baryta carbonate, pp. in pure sols., 183 

— conversion of b^ salts into, 183 

— properties, 119 

Baryta chromate, properties, 159 

— pp. in pure chromate sols., 291 
Baryta sulphate, properties, 118 

— pp. in pure ba. sols., 182 

— pp. in pure sulphate sols., 299 

— conversion of ba. salts into, 188 
Bismuth, est., 262 

— conversion of bi. compounds into, 264 

— sep. from metals of Gr. I. — IV., IndcXf 

4.56 

— sep. from metals of Gr. V., Index, 463 

— properties, 149 

Bismuth arsenate, pp. in pure sols., 265 
Bismuth carbonate, properties, 149 

— pp. in pure sols., 263 

Bismuth chloride, basic, properties, 149 
Bismuth chromate, properties, 150 

— pp. in pure sols., 264 

Bismuth nitrate, basic, properties, 149 
Bismuth oxide, properties, 149 

— conversion of bi. compounds into, 263 
Bismuth sulphide, properties, 150 

— pp. in pure sols., 263 
Blende, solution, 197 
Boracic acid, est., 320 

— sep. from bases, 322 
Borates, analysis, 322 
Borax, fused, preparation, 99 

— uses as reagent, 1 00 
Bromides, analysis, 365 
Bromine, est., 362 

— tit. by silver, 363 

— tit. by silver and iodide staich, 363 

— tit, by alkalimetry, 363 

— tit. by chlorine, 363 

— sep, from acids of Gr. I., 501 

— sep. from metals, 365 

— sejj. in chlorides, 504 

— free, est., 365 

— containing chlorine, analysis, 512 
Burette, fitted, 32 

— Gay-Lussacs, 36 

— Gi issler’s, 37 

— holder, 34 

— reading off, 34 

— tested, 35 


/ CADMIUM, est., 266 
^ — tit. by oxalic acid, 267 

— sep. from metals of Gr, I. — IV., Index, 

456 

— sep. from metals of Gr. V., Index, 468 
Cadmium carbonate, properties, 151 

— pp. in pure sols., 266 
Cadmium oxide, properties, 150 

— conversion of cd. compounds into, 266 


Cadmium sulphate, conversion of cd. com- 
pounds into, 267 

Cadmium sulphide, properties, 151 

— pp. in pure sols., 266 
Calcium, see JAme 

Calcium chloride, preparation, 109 

— uses as leageiit, 110 
Calcium fluoride, properties, 164 

— precipitation, 326 

Carbon bisulphide, purification, 91 

— uses as rcMgent, 91 
Oarboimtes, analysis, 836 
Carbonic aoid, est., 330 

— sep. from other acids, 500 

— sep. from bases, 836 
Carbonic acid apparatus 

— Fhksknius and Will’s, 337 

— Mohr’s, 389 

— Gkisslui’s, 339 
ScHEIBLhu’s, 343 

— Ruhpf’s, 346 
Chlorates, analysis, 403 
Chloric acid, est., 403 

— reduction to chlorine, 403, 404 

— tit. by hyposuliihite, 403 

— tit. by tin protochloride, 403 

— lit. by lead, 404 

— Bcp. iiom nitric acid, 515 

— sep. from other acids, 514 
Chlorides, analysis, 359 
Chlorine, est., 354 

— est. in presence of free chlorine, 362 

— tit. by silver, 3.’*5 

— tit. by alkalimetry, 358 

— tit. by silver ami iodide starch, 356 

— tit by hg. nitiate, 357 

— free, est., 36U 

< — fiee, tit. by k. iodide, 361 

— sep. from meta s, 359 

— sep. from acnls of Gr. I., 501 

— sep. in silicates, .502 

— sep. m fluorides. 5U2 

— sep. in silicates containing fluorides^ 

503 

— purification, 102 

— u.ses as reagent, 102 

— bromine and iodide, sep., 509 

— gas, preparation, foot note, 384 
Chriimates, analysis, 293 
Chromic acid, est, 290 

— est. by oxalic acid, 291 

— reduction to sesquiuxide, 290 

— tit. by iron, 291 

— tit. by byjioBulpbite, 292 

— tit. by other methods, 293 

— sep. from bases, 293 
Chromium, est., 194 

— sol. of native compounds, 194 

— sep. from alkalies, 423 

— sep. from alk. earths. Index, 424 

— sep. from alumina, 428 

— sep. from metals of Gr. IV., Index, 

433 

Chromium oxide, conversion of cr. com- 
pounds into, 195 
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Chromium oxide, conversion into chromic 
acid, 195 

— properties, 127 

— pp. in pure sols., 194 
Clip for burettes, 32 

— for watch-glasses, 44 
Cobalt, est., 210 

— tit. with permanganate and hg. oxide, 

212 

— sep. from alkalies, 429 

— sep. from alk. earths, Imdex^ 430 

— sep. from metals of Gr. III. and IV., 

Index y 434 

— conversion of co. salts into, 210 

— properties, 135 

— preparation of j)ure, foot note^ 212 
Cobalt protoxide, ]»ropertie8, 134 

— pp. in pure sols., 211 

Cobalt sesquioxide and potash nitrite, pp. 

in pure sols., 211 
Cobalt sulphate, properties, 136 

— conversion of co. salts into, 212 
Cobalt sulphide, properties, 135 

— pp. in pure sols., 211 
Copper, est., 254 

— conversion of cu. oxide into, 257 

— properties, 146 

— pp. as such in pure sols., 256 

— tit. by hyi) 08 ulphite, 258 

— tit. by k. cyanide, 259 

— tit. by na. sulphide, 260 

— tit. by tin protochloride, 261 

— tit. by various metiiods, 261 

— sep. from metals of Gr. 1. — IV., Index, 

456 

— sep. from metals of Gr. V., Index, 463 

— preparation of pure, 95 

— preparation for organic analysis, 108 

— tests of purity, 95 

— uses as reagent, 95 

— use in organic analysis, 108 
Copper oxide, properties, 147 

— conversion of cu. salts into, 256 

— pp. in pure sols., 255 

— preparation, 106 

— tests of purity, 106 

— use as reagent, 107 

— spent, recovery, 107 
Copper suboxide, properties, 148 
Copper subsulphide, properties, 148 

— conversion of cu. comjiounds into, 258 
Copper subsulphocyanide, properties, 148 

— pp. in pure sols., 258 
Copper sulphide, properties, 147 

— pp. in pure cu. sols., 257 

— pp. in sulphur sols., 382 
Crucible tongs, 84 
Cyanides, analysis, 375 
Cyanogen, est., 373 

— tit. by silver, 374 

— tit, by iotliue, 376 

— sep. from acids of Gr. I., 601 

— sep. from chlorine, bromine and iodine, 

512 

— sep. from metals, 375 


T\ECANTATION, 68, 79 
^ Desiccators, 41 
Distilled water, 90 
Drying, 40 
Drying disk, 51 


PLUTRIATION, 39 
End reaction, 89 
Ether, use as reagent, 90 
Evaporation, 60 

— action of fluids on vessels during, 65 


TjlERRICYA NOGEN, tit. with permanga- 
nate, 379 

— tit. with hyposulphite, 379 

— sep. from chlorine, 518 
Ferrocyanogen, tit. with permanganate, 

378 


— tit. with bichromate, /oo< note, 378 

— tit. with cu. sulphate, 380 

— tit. in presence of snlphocyanogen. 


380 


— sep. from chlorine, 513 
Filter, asbestos, 79 

— glass, 79 

— sand, 79 

— patterns, 70 

— stands, 70 

— tubes, 79 
Filtering, by suction, 74 

— rules in, 71 
Final reaction, 89 
Float, burette, 36 
Fluorides, analysis, 326 

— est. in silicates, 499 
Fluorine, est., 326 

— sep. from metals, 326 

— sep. from other acids, 498 


/^ASES, rules in measuring, 22 
^ * — vessels for measuring, 20 

Gold, est., 268 

— conversion of gold compounds into, 

269 

— pp. as such in pure sols,, 269 

— properties, 151 

— sep. from metals of Gr. I. — V., Index, 

473 

— sep. from metals of Gr. VI., Index, 485 
Gold sulphide, properties, 151 

— pp. ill pure sols., 270 
Gunpowder residues, analysis, 503 


TTYDRIODIC acid, see Iodine 

Hydrobromic acid, see Bromine 
Hydrochloric acid, see Chlorine 

— preparation, 92 

— tests of purity, 92 

— uses as reagent, 92 
Hydroc) anic acid, see Cyanogen 
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Hydrofluoric acid, see Fluorine 

— preparAtion, 92 

— tests of purity, 92 

— uses as reagent, 92 
Hydrofluosiiicic acid, est., 804 
Hydrogen, preparation, 101 

— tests of purity, 101 

— uses as reagent, 101 
Hydrosulphuric acid, see StUphur 
Hyponitric acid, est., 298 
Hyposulphites, analj'sis, 297 
Hyposulphurous acid, est., 297 

— tit. by iodine, 297 


TGNITION in hydrogen, 200 
lodates, analysis, 297 
Iodic acid, est., 297 
Iodides, analysis, S68 
Iodine, est., 365 

— tit. by silver, 866 

— tit. by silver and iodide starch, 366, 

367 


— tit. by alkalimetry, 366 i 

— tit. by nitrous acid and bisulphide car- 

bon, 366 

— tit. by permanganate, 367 

— tit. by various methods, 368 

— sep. from metals, 368 

— sep. from acids of Gr. I., 501 | 

— free, est., 369 j 

— free, tit. by hyposuljihite, 870 , 

— containing chh»rine, analysis, 511 

— sep. in clilorides, 507 j 

— preparation, 104 

— tests of purity, 104 j 

— use as reagent, 104 I 

Iron, est., 213 

— tit. by bichromate, 220 

— tit. by permanganate, 215 

— tit by hyposnlpliite, 227, 228 

— tit. by liu protochlonde, 225 

— sep. from alkalies, 429 

— - sep. from alk. earths. Index ^ 430 

— sep. from metals of Ur. III. & IV., | 

JndeXf 434 

— al. ton. ca. mg. k. na., sep. from eacb 

other, 449 

Iron acetate, basic, properties, 138 
Iron and ammonia sulphate, preparation, 
104 


— tests of purity, 104 

— use as reagent, 104 

Iron arsenate, properties, 158 
Iron formate, basic, projiertles, 139 
Iron phosphate, pro|jerties, 160 

— precipitation, 311 

Iron protoxide, conversion into sesquioxide, 
214 

— sep. from sesquioxide, IndeXf 434 

— solution of native compounds, 213 
Iron sesquioxide, properties, 136 

— conversion of iron salts into, 223 

— pp in pure sols., 222 

— r^uctiou to protoxide, 224 


Iron sesquioxide, sep. from protoxide, 
Index, 434 

— solution of native compounds, 221 
Iron succinate, properties, 138 

Iron sulphide, properties, 187 

— conversion of iron compounds into, 

228 

— pp. in pure sols., 222 


T BAD, est., 241 

— conversion of lead salts into, 246 

— tit. by oxalic acid, 247 

— tit. by bichromate, 247 

— tit. by standard acid, 247 

— sep. fiom metals of Ur. I. — IV., Index, 

456 

— sep. from metals of Ur. V,, Index, 

463 

Lead arsenate, properties, 156 
Lead carbonate, properties, 141 

— pp in ])ure sols., 243 
Lead cLloride, properties, 143 

— pj). Ill pure sols., 245 
Lead chromate, properties, 159 

— pp. in pure lead sols., 245 

— pp. in pure chromate sols., 291 

— preparation, 107 

— tests of purity, 107 

— use as reagent, 107 

— Bjient, recovery, 107 
Lead oxide, properties, 142 

— conversion of lead salts into, 248 

— ])reparatioii, f)5 

— uses us reagent, 95 

Lead pliosphale, jiroperties, 160 

— conversion of jihosphoric acid into, 306 , 
Lead sulphate, properties, 142 

— conversion of lead salts into, 244 

— pp. in pure sols., 244 
Lead imlphide, properties, 143 

— pp. in pure sols., 243 
Levigation, 39 

Lime, est , ] 85 

— titration, 189 

— sep. from alkalies, Index, 413 

— sep. from other alk. earths, Index, 

418 

— properties, 123 

— purification from alkalies, 93 
Lime carbonate, projierties, 121 

— pp. in pure sols, 186 
Lime oxalate, projierties, 122 

— pp. in pure lime sols., 187 

— pp. in oxalic acid sols., 324 

— titration, 189 

Lime sulphate, properties, 121 

— conversion of lime salts into, 186 

— pp. in pure sols, 186 
Lithia, est., 181 

— sep. from other alkalies, Index, 407 
Lithia, carbonate, properties, 18] 

Lithia phosphate, properties, 181 

— pp. in presence of alkalies, 181 
Lithia sulphate, iiruperties, 181 
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Lithium chloride, properties, 181 
Litmus tincture, preparation, 102 
— tested, 103 


T^AGNFSIA, est., 189 
— properties, 125 

— conversion of mg. salts into, 191 

— sep. from alkalies, Index, 413 

— sep. from other alk. earths, Index, 41 8 
Magnesia and ammonia arsenate, properties, 

156 

Magnesia and ammonia phosi)hate, pro- 
perties, 124 

— pp. in pure mg. sols., 190 

— pp. in pure phosphate sols., 306 
Magnesia arsenate, properties, 157 
Magnesia mixture, jireparation, 98 

— improved, preparation, foot note, 307 
Magnesia phosphate, projierties, 160 

— conversion of phosphates into, 312 
Magnesia pyrophosphate, propeities, 124 
Magnesia sulphate, properties, 123 

— conversion of mg. salts into, 198 

— uses as reagent. 98 
Manganese, est., 201 

— tit. by k. ferncyanide, 205 

— tit. by permanganate, 206 

— tit. by boiling with hydrochloric acid, 

207 

— sep. from alkalies, 429 

— sep from alk. earths, Index, 430 

— sep from metals of (4r. III. and IV., 

Index, 433 

Manganese and ammonia phosphate, pro- 
perties, 132 

— pp. in pure sols,, 205 
Manganese binoxide, properties, 131 

— pp. in pure sols., 203 
Manganese carbonate, properties, 130 

— pp. in pure sols , 202 
Manganese protoxide, properties, 130 

— pp. in pure sols, 202 

Manganese protosesquioxide, properties, 131 

— conversion of mn. compounds into, 203 
Maugauesc sulphate, properties, 132 

— conversion of mn. compounds into, 204 
Manganese sulphide, properties, 131 

conversion of mn. compounds into, 204 

— pp. in pure sols., 204 
Measuring flasks, tested, 27 
Mercurial trough, 23 
Mercury, properties, 144 

— est., 248 

— pp. as such in pure sols., 251 
— - conversion of hg. salts into, 250 

— tit. by na. chloride and ua. phosphate, 

252 

• — tit. by na. chloride, 248, 252 

— tit. by iodine, 249 

— sep. from metals of Gr. I. — IV., Index, 

456 

— sep. from metals of Gr. V. , Index, 463 
Mercury chromate, properties, 159 

— pp. in pure chromate sols., 291 


Mercury oxide, properties, 146 

— conversion of hg salts into, 252 

— sep. from suboxide, 464 

— preparation, 95 

— test of purity, 95 

— uses as reagent, 95 

Mercury phosphate, properties, 162 

— precipitation, 308 

Mercury subchloride, properties, 144 

— pp. in pure sols., 248, 251 
Mercury sub ixide, sep. from oxide, 464 
Mercury sulphide, properties, 145 

— pp. in pure sols., 251 
Metaphosphoric acid, conversion into phos- 
phoric, 306 

Molybdate lead, pp in pure sols., 289 
Molybdate mercury, pp. in pure sols., 289 
Molybdenum, est,, 289 

— tit. by permanganate, 290 
Molybdenum binoxide, conversion of mo. 

compounds into, 289 

Molybdenum sulphide, pp. in pure sols., 
289 

Molybdic acid residues, recovery, 96 
Mortar, steel, 38 

T^ICKEL, est., 207 
— titration, 209 

— conversion of ni. compounds into, 209 

— sep. from alkalies, 429 

— sep. from alk. earths, Index, 430 

— sep. from metals of Gr. III. and IV., 

Index, 434 

— projierties, 133 

Nickel protoxide, properties, 133 

— conversion of ni. salts into, 209 

— pp. in pure sols., 208 
Nickel sulphate, properties, 133 

— cou\ei'8ion of ni. salts into, 209 
Nickel sulphide, properties, 134 

— pp. in pure sols , 208 
i Nitrates, analysis, 390 

Nitric acid, est., 390 

— est. by azotometer, 399 

— conversion into nitrogen, 402 

— distillation, 391 

— expulsion in dry way, 390 

— tit. by permanganate or bichromate, 

392 

— tit. by tin protochloride, 394 

— tit by Sc H losing's method, 395 

— tit. by conversion into ammonia, 397 

— sep. from bases, 890 

— sep. from chloric acid, 515 

— sep. from other acids, 514 

— preparation, 91 

— tests of purity, 91 

— uses as reagent, 91 
Nitrites, analysis, 298 
Nitrogen, properties, 117 
Nitrous acid, estimation, 298 

— tit. by permanganate, 298 
Normal solutions^ 88 
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OxaUc aciil, 8‘i4 

coiwemon iato carwmc aciu, 

lit. by 324 

sep. /nun 

— ;MV|iar»tioi4 102 

— of jHiritj, 102 

— ntee •« reaK<*“4, 102 
Oxtgeu, preparation, 107 

— teata of purity, lOS 


PALLADIUM, eat., 267 

•L — pp. as such in pore sols., 267 

— properties, 268 

Palladium cyanide, pp. in pure sols., -6/ 
Palladium ioilule, properties, 167 

— precipitation, 365 

Palladium and potassium chloride, pro- 
perties, 268 

— pp. in pure sols., 268 

Palladium sulphide, pp. in pure sols., 267 
Phosphates, analysis, 314 
Phosphoric acid, est, 305 

— tit. by uranium, 312 

— sep. from bases, 314 

— sep. from other acids, 497 
Pyrophosphoric acid, conversion into phos- 
phoric, 306 

Platinum, properties, 152 

— eat, 270 

— conversion of pt. compounds into, 271 

— pp. as such in fiure sols., 271 

sep. from metals of Gr. 1 — V., Index, 

4 i 3 

— sep. from metals of Gr. VI., Ind^x, 485 

— crucibles. 83 

Platinum and am. chloride, properties, 117 

— pp. in pure pt. sols 27o 
Platinum and k. chloride, properties, 114 


— pp. in pure pt. sols., 271 
Platinum bichloride, strength of sol., 99 
Platinum sulphide, properties, 152 

— pp. in pure sols., 271 
Potassa, est., 171 

aep. from other alkalies, Index, 407 

— preparation oi pure sol., 93 

preparation for organic analysis, 109 

Potassa bichromate, purihcation, 110 

— uses as reagent, 110 
Potassa bisulphate, proiierties, 113 

— preparation, 100 

— uses as reagent, 1 00^ 

Potassa nitrate, propertica, 113 

— conversion of k. salts into, 173 
Potassa permanganate, preparation, 103 
Potassa sulphate, properties, 112 

— conversion of k. salts into, 172 
Potassium boroflnoride, properties, 163 

— pp. in boracic acid sols., 821 
PotassiuDi chloride, properties, 113 

— conversion of k. salts into, 173 
Potassium cyanide, preparation, 97 


PotaMinm mmI k fooridi^ pivpmtion 100 

— tMUofitarit;, 100 

— ustM as migent, 100 

' Potassuiin iiklKle, prf[iaraUoQ, 104 
tei*ts of purity, lU4 

— UiM's as reagent, lOS 

Potassium and pt. chloride, properties, 114 

— pp. in pure sols., 173 

, Potassium silicotiuoride, properties, 114 

— pp. in pure k. sole., 175 

' — pp. in hydrofluosilicic acid sola, 304 

— titijilioii, 175 
Pi|»etu*H, tostoil, 30 
— - UM‘d, 29 
rovdering, 38 
Precipitates, dried, 80 

) — iginlod, 82 

— wubhcd, 73 

' Precipittiiion, 67 

j QKLENATRS, analysis, 296 
^ Selcniuus acid, est., 295 

— sep. from bases, 295 
8elenium, pp. as such, 295, 296 
Selenites, analysis, 295 

i Selenium sulphide, pp., 295 
I Silting, 39 
Silicates analysis, 347 
j — by acids, 347 
I — by acids in sealed tubes, 854 

— by alk. carbiinates, 348 

— by hydroriiioric acid solution, 350 

— by h>diofluori(! acid gas, 351 

— by am. fluoride, 352 

— by k. and h. fluoride, 352 

— by baryta or ba. caibonate, 352 

— by lime and lime salts, 353 
Silicic acid, est., 346 

— properties, 165 

— sep from bases, 347 

— sep. from other acids, 500 

— tested, 348 
Silicofluorides, analysis, 805 
Silver, est., 231 

— jjropeities, 139 

— solution ot insoluble salts, 231 

— cunverbion of ag. compounds into, 

234 

— pp. as such in pure sols., 235 

— tit. by na. chloride, 235 

— tit. by iodide starch, 240 

— tit by na. chloride in presence of k. 

chromate, 241 

— sep. from metals of Gr. 1. — IV., Index, 

456 

— sep. from metals of Gr. V., Index, 463 

— preparation, 106 

— preparation of pure, foot note, 285 

— use as reagent, 106 
Silver bromide, properties, 166 

— pp. in bromide sols., 862 
Silver chloride, properties, 189 

— conversion of ag. salts into, 282 
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Silver chloride, pp. in ag. sole., 282 

— pp. in chloride boIb., 364 
Silver cyanide, properties, 141 

— pp, in ag. BoU., 234 

— pp. in cyanide boIb., 873 
Silver iodide, properties, 1 67 

— precipitation, 366 

Silver phosphate, properties, 162 
Silver sulphide, properties, 140 

— pp. in ag. sola, 283 

— pp. in sulphur sola, 382 
Soda, est., 176 

— sep. from other alkalies, JndeXy 407 
Soda bisulphate, xjroperties, 116 

— preparation, 100 

— uses as reagent, 100 ! 

Soda carbonate, properties, 116 

— conversion of soda salts into, 176 
Soda hyposulphite, tests of purity, 96 

— uses as reagent, 96 

— preparation of standard sol., 371 
Soda nitrate, properties, 115 

— conversion of soda salts into, 176 
Soda sulphate, properties, 115 

— conversion of soda salts into, 176 
Soda lime, preparation, 108 

— tests of purity, 108 

— uses as reagent, 108 
Sodium chloride, properties, 116 

— conversion of soda salts into, 176 

— preparation, 106 

— tests of purity, 106 

— uses as reagent, 106 

Sodium and pt. chloride, properties, 116 
Sodium silicon uoiide, properties, 116 
Solution, 58 
Standard stilutions, 88 
Strontia, est., 184 

— sep. from alkalies, IndaCf 413 

— sep. from alk. eaiths. Index, 418 
Strontia carbonate, properties, 120 

— conversion of sr. salts into, 185 

— pp. in pure sols., IS.l 
Strontia sulphate, properties, 120 

— conversion of sr. salts into, 185 

— pp. in pure sols., 184 
Strontium chloride, preparation, 98 

— uses as reagent, 98 
Sulphates, analysis, 303 
Sulphides analysis, 383 

— by nitrates, 383 

— by chlorates, 384 

— by chlorine, dry, 384 

— by chlorine, wet, 388 

— by hg. oxide, 386 

— by nitric acid, 387 

— by k. chlorate and hydrochloric acid, 

387 

— by k. chlorate and nitric acid, 888 

— by aqua regia, 388 

— by bromine, 888 
Sulphites, analysis, 296 
Sulphur, est., 880 

— sep. as such from sols., 889 


Sulphur, tit. with soda araenite, 382 

— tit with copper, 389 

— tit. with silver, 389 

— tit. with iodine, 381 

— sep. from metals, 383 

— Bep. from acids of Glr. I., 601 

— sep. in silicates, 603 

— sep. in carbonates, 503 
— - sep. from chlorine, 513 
Sulphuretted hydrogen, est. of gas, 380, 

383 

Sulphuric acid, est., 298 

— est in presence of sulphates, 304 

— tit by ba. chloride, 299 

— tit. by leail, 303 

— sep. from other acids, 495, 501 

— sep. from bases, 303 
Sulphurous acid, est, 296 

— est a.s sulphuric acid, 297 

— tit. by iodine, 296 
I — preparation, 105 

1 — uses as reagent, 105 
i Swedish filtering paper, 69 


rpENSION of aqueous vapor, 26 
Tin, est., 277 

— solution of insoluble compounds, 277 
— *tit. by iodine, 280 

— tit by permanganate, 280 

— sep. from metals of Qr. I. — V., Index, 

473 

— sep. from metals of Gr. VI., Index, 485 
Tin binoxide, properties, 154 

I — conversion of tin compounds into, 278 

— pp. in pure sols., 279 

— sep. from protoxide, 494 
Tin pho.spliate, properties, 162 

— precipitation, 309 

Tin protocbloride, preparation of standard 
suL, 226 

Tin protoxide, sep. from binoxide, 494 
Tin sulphides, properties, 155 

— pp. in pure sols., 279 
Titanic acid, est, 196 

— properties, 196 

— titration, 197 
Titration, 88 


TTRANIUM, est, 229 
^ — tit by permanganate, 230 

— sep. from alkalies, 429 

— sep. from metals, of Qr. I. — IV.. 453 
Uranium acetate, preparation, 98 

— tests of purity, 99 

— uses as reagent 99 

Uranium ammonio'sesquioxide, pp. in pure 
sols., 229 

Uranium arsenate, properties, 157 
Uranium phosphat<^ precipitation, 811 

— properties, 161 

Uranium prutosesquioxide, conversion of u. 
Balts into, 229 
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Uraninm protosesquioxide, reduotioA to 
protoxide, 230 . 

Uranium residues, neovvry, 99 


WASHING, bottles, 72 
— rules in, 72 
Water, baths, 44, 46 

— est., 54 
Weighing off, 53 

— flieory, 16 

— rules in, 18 

— by sul«titution, 17 

— tubes, 53 
Weights, 15 

— tested, 16 


yiNC, est., 197 
^ — sep. from alkalies, 429 

— sep. from alk. earths, 480 

— sep. from metals of Gr. Ill, and IV. 

Mex, 488 
; — preparation, 94 
I — tests of purity, 94 

— ii.ses as reagent, 94 

Zinc carbonate, properties, 128 

— pp. in pure sols., 198 

Zinc oxide, properties, 129 *** 

— conversion of sine salts into, 199 
Zinc sulphide, pmiierties, 129 

— conversion of zinc salts into, 200 

— pp. in pure sols., 199. 


THE END. 
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CHEMISTRY, INORGANIC and ORGANIC 
With Experiments. By Charles L. Bloxam, Professor of Chemistry in 
King's College, London ; Professor of Chemistry in the Department for 
Artillery Studies, Woolwich. Third Edition. With 295 Engravings, 
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classes. The method of mstruction here followed has been adopted hj the author, 
after twenty-three years’ experience as a teacher in the laboratory. 
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have been devised for the illustration of the principles of the science, are explained in lan- 
guage as simple as possible. This edition has been embellished with a large number of 
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B.A., F.R.S. Eleventh Edition. With 163 Engravings. Crown 8vo, 15s. 


Remigins Fresenius 

QUALITATIVE ANALYSIS. By C. Remigius Fresenius. 

Edited by Arthur Vacher. Ninth Edition, with Coloured Plate of Spectra 
and 47 Engravings .... 8vo, 12s. 6d. 

By the same Author 

QUANTITATIVE ANALYSIS. Edited by Arthur Vacher. 

S'xth Eiition (reprinted from the Fourth), with 186 Engravings. 8vo, i8s. 



Messrs Churchill’s Scientific Works 


V 


Robert Galloway ' 

THE FIRST STEP IN CHEMISTRY: A New Method for 
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— British Medical yournal. 


T. Griffiths 

CHEMISTRY OF THE FOUR SEASONS : Spring, Summer, 

Autumn, Winter. By T. Griffiths. Second Edition, with Engravings. 

[Fcap 8vo, 7S. 6d. 

0 


Cornelius B. Fox 

OZONE AND ANTOZONE: their History and Nature. By 
Cornelius B. Fox, M.D., Medical Officer of Health for Central and 
East Essex. With Coloured Plates . . 8vo, 12s. 6d. 

0— 

U, J* Kay-Shuttleworth 

FIRST PRINCIPLES OF MODERN CHEMISTRY. 

By U. J. Kay-Shuttleworth, M.P. Second Edition. Crown 8vo, 4s. 6d. 

“ We can recommend the book.” — I “Deserving warmest commendation,”— 
Athenaeum. I Popular Science Rev. 


Francis Sutton 

HANDBOOK OF VOLUMETRIC ANALYSIS? 

or, the Quantitative Estimation of Chemical Substances by Measure applied 
to Liquids, Solids, and Gases. By Francis Sutton, F.C.S., Norwich 
Third Edition. With Engravings . . 8vo. In the Press 

This work Is adapted to the requirements of pure Chemical Research, Pathological 
Chemistry, Pharmacy, Metallurgy, Manufacturing Chemistry, Photography, etc., and for 
the Valuation of Substances used in Commerce, Agriculture, and the Arts. 

**Mr. Sutton has rendered an essential service by the compilation of his work.* — 
Chemical News, 
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W'. G, VaUnttn 

INTRODUCTION TO INORGANIC CHEMISTRY. By 

Wm. G. Valentin, F.C.S., Principal Demonstrator of Practical Che- 
mistry in the Royal School of Mines and Science Training Schools, 
South Kensington. Third Edition. With 82 Engravings 8vo, 6s. 6d. 

Also 

QUALITATIVE CHEMICAL ANALYSIS. Third Edition. 

With 19 Engravings 8vo, 7s. 6d. 

Also 

TABLES FOR THE QUALITATIVE ANALYSIS OF 

SIMPLE AND COMPOUND SUBSTANCES, both in the Dry and Wet 
Way. On indestructible paper . . . 8vo, 2s. 6d. 


Edward Frankland 

HOW TO TEACH CHEMISTRY: Hints to Science 

Teachers and Students. Six Lectures delivered at the Royal College of 
Chemistry by Edward Frankland, D.C.L., F.R.S., Summarised and 
Edited by George Chaloner, F.C.S. With 47 Engravings. 

[Crown 8vo, 3s. 6d. 


R, Wagner and W, Crookes 

HANDBOOK OF CHEMICAL TECHNOLOGY. By 
Rudolf Wagner, Ph.D., Professor of Chemical Technology at the 
University of Wurtzburg. Translated and Edited from the Eighth German 
Edition, with Extensive Additions, by William Crookes, F.R.S. With 
336 Engravings ....... 8vo, 25s. 

The design of this work is to show the application of the science of chemistry to 
the various manufactures and industries. The subjects are treated of in eight divisions, 
as follows ; — i. Chemical Metallurgy, Alloys, and Preparations made and obtained from 
Metals. 2. Crude Materials and Products of Chemical Industry. 3. Glass, Ceramic 
Ware, Gypsum, Lime, Mortar. 4. Vegetable Fibres. 5. Animal Substances. 6. Dye- 
ing and Calico Printing. 7. Artificial Light. 8. Fuel and Heating Apparatus. 


**Full and exact in its information on 
almost every point.”— 

** This book will permanently take its 
place among our manuals.”— 


** Mr. Crookes deserves praise, not only 
for the excellence of his translation, but 
also for the original matter he has added.’’ 
— American Journal of Science and Arts, 


C I). F, Phillips 

MATERIA MEDICA AND THERAPEUTICS: VEGE- 
TABLE KINGDOM. By Charles D. F. Phillips, M.D. 8vo, 15s. 
It is the great distinction of this book that an amount of space is given in it to care- 
ful discussion of the physiological and the therapeutical actions of drugs greater than has 
been given in any previous English text-book of Materia Medica.”— 
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tT. JPorbes Royle and John Harley 

ROYLE’S MANUAL OF MATERIA MEDICA AND 
THERAPEUTICS. Sixth Edition. By John Harley, M.D. With 
139 Engravings. .... Crown 8vo, 153. 

**This Manual ia, to our minds, unrivalled | and com^eteness of information.” — British 
in any language for condensation, accuracy, | Medical JoumaL 


0 

J. C. Thorowgood 

THE STUDENTS GUIDE TO MATERIA MEDICA. 

Including the New Additions to the British Pharmacopoeia. By John C. 
Thorowgood, M.D. Lond., Lecturer on Materia Medica at the Middlesex 
Hospital. With Engravings . . . Fcap 8vo, 6s. 6d. 

“ Students can hardly hope for a more serviceable text-book.” — Practitioner. 

— 0 

Adolphe Wahltuch 

A DICTIONARY OF MATERIA MEDICA AND THERA- 

PEUTICS. By Adolphe Wahltuch, M.D. . . . 8vo, 15s. 

The purpose of this work is to give a tabular arrangement of all drugs specified in 
the British Pharmacopoeia of 1867. Every table is divided into six parts ; — (i) The 
Name and Synonyms ; (2) Character and Properties or Composition ; (3) Physiological 
Effects and Therapeutics ; (4) Form and Doses; (5) Preparations ; (6) Prescriptions, 
Other matter elucidatoiy of the Pharmacopoeia is added to the work. 

** A very handy book.” — Lancet. 

Q 


R. V, Tuson 


COOLEY^S CYCLOPAEDIA OF PRACTICAL 
RECEIPTS, PROCESSES, AND COLLATERAL INFORMATION 
IN THE ARTS, MANUFACTURES, PROFESSIONS, AND 
TRADES : Including Pharmacy and Domestic Economy and Hygiene. 
Designed as a Comprehensive Supplement to the Pharmacopoeias and 
General Book of Reference for the Manufacturer, Tradesman, Amateur, 
and Heads of Families. Fifth Edition, Revised and partly Rewritten by 
Professor Richard V. Tuson, F.C.S., assisted by several Scientific 
Contributors ..... 8vo, 28s. 


“A much improved edition. . . . 
Long recognised as a general book of re- 
ference.”- ■ 7 iVw«. 

‘ * The book is of considerable value for 
household use, as well as professional pur- 
pose for it contains a quantity of interest- 
ing information relating to the composition 


of articles in common use as food and 
medicine.” — Pall Mall Gazette. 

“ Other of the articles, as on * brewing,* 
* bread,* etc., are specimens of what cydo- 
peedic writing should be, being concise and 
thoroughly ^austive of the practical por* 
tion of the subject**— Vdmnarian. 
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IV. Southall 

THE ORGANIC MATERIA MEDICA OF THE BRITISH 
PHARMACOPOEIA SYSTEMATICALLY ARRANGED : Together 
with Brief Notices of the Remedies contained in the Indian and United 
States Pharmacopoeias. By W. Southall, F.L.S. . Post 8vo, 2 S. 6d. 

^ 

J. B, Smith 

PHARMACEUTICAL GUIDE TO THE FIRST AND 
SECOND EXAMINATIONS. By John Barker Smith. Second 
Edition Crown 8vo, 6s. 6d. 

FIRST AND SFCOND EXAMINATIONS 

Latin Grammar— Fractions — Metric System — Materia Medica — Botany 
—Pharmacy— Chemistry— Prescriptions. 


John Steggall 

FIRST LINES FOR CHEMISTS AND DRUGGISTS 
preparing for Examination at the Pharmaceutical Society. By John 
Steggall, M.D. Third Edition i8mo, 3s. 6d. 


CONTENTS 


Notes on the British Pharmaoopcsui, the 
Substances arranged alphabetically. 
Table of Preparations, containing Opium, 
Antimony, Mercury, and Arsmic. 
Classification of Plants. 


Thermometers. 

Specific Gravity. 

Weights and Measures. 

Questions on Pharmaceutical Chemistiy 
and Materia Medica. 


Petir Squire 

COMPANION TO THE BRITISH PHARMACOPCEIA. 

With Practical Hints on Prescribing ; including a Tabular Arrangement 
of Materia Medica for Students, and a Concise Account of the Principal 
Spas of Europe. By Peter Squire, Chemist in Ordinary to the Queen 
and the Prince of Wales ; late President of the Pharmaceutical Society. 
Tenth Edition 8vo, los. 6d. 

By the same Author 

PHARMACOPOEIAS OF THE LONDON HOSPITALS. 

Third Edition. Fcap 8vo, 6s. 

Mr. Squire has collected all the Formuhe used in twenty*two of the principal 
Hospitals of London, and arranged them in groups of mixtures, gargles, Ac., &o. These 
Formulse were revised and approved by the medical ataif of eadi of the Hospitals, and 
may therefore be taken as an excellent guide to the medical practitioner, both as to dose 
and best menstruum in prescribing. 
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J, Birkbeck Kevins 

THE PRESCRIBER’S ANALYSIS OF THE BRITISH 
PHARMACOPCEIA. By J. Birkbeck Nevins, M.D. Lond., Lecturer on 
Materia Medica in the Liverpool Royal Infirmary Medical School Third 
Edition^ Revised and Enlaiged .... Royal 32mo, 3s. 6d. 

0 

THE PRESCRIBER’S PHARMACOPOEIA : The Medicines 

arranged in Classes according to their Action, with their Composition 
and Doses. By A Practising Physician. Fifth Edition. 

[Fcap i6mo, cloth, 2s. 6d.; roan, with flap and elastic band, 3s. 6d 

0— 

Jonathan Pereira 

SELECTA E PRiESCRIPTIS : Containing Lists of the Terms, 
Phrases, Contractions, and Abbreviations used in Prescriptions, with Ex- 
planatory Notes ; the Grammatical Construction of Prescriptions ; Rules 
for the Pronunciation of Pharmaceutical Terms ; a Prosodiacal Vocabulary 
of the Names of Drugs, &c. ; and a Series of Abbreviated Prescriptions 
illustrating the use of the preceding terms. To which is added a Key, con- 
taining the Prescriptions in an Unabbreviated Form, with a Literal Trans- 
lation for the Use of Medical and Pharmaceutical Students. By Jonathan 
Pereira, M.D., F.R.S. Sixteenth Edition .... 32mo, 5s. 


Henry Beasley 

THE POCKET FORMULARY AND SYNOPSIS 
OF THE BRITISH AND FOREIGN PHARMACOPOEIAS : Compris- 
ing Standard and approved Formulae for the Preparations and Compounds 
employed in Medical Practice. By Henry Beasley. Ninth Edition. 

[i8mo, 6s. 

By the same Author 

THE DRUGGIST’S GENERAL RECEIPT-BOOK: 


Comprising a Copious Veterinary Formulary and Table of Veterinary 
Materia Medica ; Patent and Proprietary Medicines, Druggists’ Nostrums, 
&c« ; Perfumery, Skin Cosmetics, Hair Cosmetics, and Teeth Cosmetics ; 
Beverages, Dietetic Articles and Condiments ; Trade Chemicals, Mis- 
cellaneous Preparations and Compounds used in the Arts, &c. ; with useful 
Memoranda and Tables. Seventh Edition .... iSmo, 65, 


Also 

THE BOOK OF PRESCRIPTIONS : Containing 3,000 Pre- 
scriptions collected from the Practice of the most eminent Physicians and 
Surgeons, English and Foreign. Fifth Edition . . Nearly ready. 

*'Mr. Beasley’s 'Pocket Formulary,’ reference admirably suited for the diq^ens- 
' Dru^ist’s Receipt-Book,’ and * Book of ing desk.”-^C^«sfM/ and Druggist , , 
Prescriptions’ form a compact library of 
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Alfred S» Taylor 

POISONS IN RELATION TO MEDICAL JURIS- 
PRUDENCE AND MEDICINE. By Alfred S. Taylor, M.D., F.R.S., 
Professor of Medical Jurisprudence to Guy’s Hospital. Third Edition, with 
104 Engravings ^ . . . Crown 8vo, i6s. 


F, H, Lcsclier 

AN INTRODUCTION to the ELEMENTS of PHARMACY. 

By F. Harwood Lescher. Fifth Editiop . . 8vo. In the Press, 

Sec. I. Materia Medica ; II. Botany ; III. Chemistry ; IV. Pharmacy ; 
V. Prescriptions ; VI. Practical Dispensing. 

B, S, Proctor 

LECTURES ON PRACTICAL PHARMACY. 

By Barnard S. Proctor, Lecturer on Pharmacy at the College of Medi- 
cine, Newcastle-on-Tyne. With 43 Engravings . . 8vo, 12s. 


CONTENTS 

Drying— Comminution— Solution— Crystallisation— Precipitation — Diffusion in Liquids, 
Dialysis, Osmosis, &c.- Evaporation, Boiling, Fusion, and Calcination — Distillation and 
Sublimation— Filtration and Percolation— Official Pharmacy— Official Liquors or Solu- 
tions— Official Infusions and Decoctions — Extracts— Spirits, Tinctures, Wines, Vinegars, 
Liniments— Official Products of Distillation and Sublimation — Official Products of Fusion 
— Official Saline Preparations, Crystallised, Precipitated, Scaled, or Granulated — 
Complex Processes — Dispensing— Reading Autograph Prescriptions— Pills— Powders, 
Ointments, Plasters, Suppositories, &c. — O'l^htalive Tests of the Pharmacopecia — Quan- 
titative Testing of the Pharmacopeia— Pharmacy of Special Drugs. 

** A good specimen of a treatise on Chemistry as applied to a special art.*' — Chemical 
News, 


William Stowe 

A TOXICOLOGICAL CHART, Exhibiting at one view the 
Symptoms, Treatment, and Mode of Detecting the Various Poisons, 
Mineral, Vegetable, and Animal. To which are added concise Directions 
for the Treatment of Suspended Animation. By William Stowe, 
M.R.C.S.E. Thirteenth Edition . . . . Sheet, 2s. ; Roller, 5s. 


G. C, Wittstein 

practical pharmaceutical CHEMISTRY: An 

Explanation of Chemical and Pharmaceutical Processes ; with the Methods 
of Testing the Purity of the Preparations, deduced from Original Experi- 
ments. By Dr. G. C. Wittstein. Translated from the Second German 

Edition by Stephen Darby i8mo, 6s. 

It would be impossible too strongly to recommend this work to'thc beginner, for the 
completeness of its explanations, by following which he will become well grounded 
in practical cheniistry .’’-— the Introduction by Dr* Buchner, 
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THE PHARMACEUTICAL JOURNAL AND TRANSAC- 

TIONS. Published weekly Price 4d. 

— 

THE YEAR-BOOK OF PHARMACY: Containing the 

Proceedings at the Yearly Meeting of the British Pharmaceutical Con- 
ference, and a Report on the Progress of Pharmacy, which includes notices 
of all Pharmaceutical Papers, new Processes, Preparations, and Formulae 
published throughout the world. Published annually in December. 

[8vo, 1870, '71, ’72, 7s. 6d. each ; 1873, '74, *75, los. each. 

V. Tuson 

A PHARMACOPOEIA, INCLUDING THE OUTLINES OF 
MATERIA MEDICA AND THERAPEUTICS, for the Use of Prac- 
titioners and Students of Veterinary Medicine. By Richard V. Tuson, 
F.C.S., Professor of Chemistry and Materia Medica at the Royal 

Veterinary College. Second Edition 7s. 6d. 

** Not only practitioners and students of want in veterinary literature .*' — Chemist 
veterinary medicine, but chemists and and Druggist. 
druggists will find that this book supplies a 

Robert Bentley 

A MANUAL OF BOTANY : Including the Structure, Func- 
tions, Classifications, Properties, and uses of Plants. By Robert 
Bentley, F.LS., Professor of Botany, King’s College, and to the Pharma- 
ceutical Society. Third Edition, with 1,138 Engravings. Crown 8vo, 14s. 
“As the standard manual of botany its position is undisputed.'*— and 
Druggist. 

0 

Robert Bentley and Henry Trwicn 

MEDICINAL PLANTS : being Descriptions with Original 
Figures of the Principal Plants employed in Medicine, and an Account 
of their Properties and Uses. By Robert Bentley, F.L.S., Professor 
of Botany *n King’s College, and to the Pharmaceutical Society ; and 
Henry Trimen, M.B., F.L.S., Lecturer on Botany in St. Mary’s 
Hospital Medical School. In about {36 Monthly Parts, each containing 
8 Coloured Plates. Parts I. to V. issued since October, 5s. each. 

A Prospectus and Specimen Plate will be sent on application. 

0 

F, Kohlrausch 

AN INTRODUCTION TO PHYSICAL MEASUREMENTS, 

With Appendices on Absolute Electrical Measurement, etc. By Dr. F. 
Kohlrausch. Translated from the Second German Edition by T. H. 
Waller, B.A., B. Sc., and H. R. Procter, F.CS. With Engravings. 

[ 8 vo^ 12s. 




XU 


Messrs Churchill's Scientific Works 


IV, B, Carpenter 

THE MICROSCOPE AND ITS REVELATIONS. By 
W. B. Carpenter, M.D., F.R.S. Fifth Edition, with more than 500 
Engravings Crown 8vo, 15s. 

The author has aimed to combine within a moderate compass that information in 
regard to the nse of his instmment and its appliances, which is most essential to the 
working microscopist, with such an account of the objects best fitted for his study as may 
qualify him to comprehend what he observes, and thus prepare him to benefit science, 
whilst expanding ai^ refreshing his own mind. 


J. H, Martin 

A MANUAL OF MICROSCOPIC MOUNTING; with Notes 

on the Collection and Examination of Objects. By John H. Martin, 
author of “ Microscopic Objects.” With upwards of 100 Engravings. 

[8vo, 7s. 6d. 

The aim of this work is to supply the student with a concise manual of the prin- 
ciples of microscopic mounting, and to assist his progress in the manual dexterity, as far 
as illustrations and words render it possible, necessary in their application. 


THE QUARTERLY JOURNAL OF MICROSCOPICAL 
SCIENCE. (Established in 1852.) Edited by Dr, J. F. Payne, Assistant- 
Physician at St Thomas’s Hospital ; E. Ray Lankester, Professor of 
Zoology and Comparative Anatomy in University College, London ; and 
W. Archer, F.RS. 

Annual Subscription, 20s. ; Single Numbers, 5s. 

The Memoirs are, when needful, illustrated by Woodcuts, and Lithographic Plates, 
many of which are Coloured. The Journal contains, in additbn, Notes and Memoranda, 
Reviews of Books, Quarterly Chronicle, and Proceedings of Societies. 


J*. Fayrer 

THE THANATOPHIDIA OF INDIA; being a Description 

of the Venomous Snakes of the Indian Peninsula. With an Account of 
the Influence of their Poison on Life, and a Series of Experiments. By 
Sir J. Fayrer, M.D., K.S.I., Honorary Physician to the Queen ; late Presi* 
dent of the Asiatic Society of Bengal Second Edition, with 31 Plates 
(aS Coloured). Folio, 7/. 7s. 

By the same Author 

THE ROYAL TIGER OF BENGAL: His Life and Death. 

With and Engravings Crown 8vo, 51. 
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A. Chauveau and G, Fleming 

CHAUVEAU’S COMPARATIVE ANATOMY OF THE 

DOMESTICATED ANIMALS. Translated from the Second French 
Edition, and Edited by George Fleming, F.R.G.S., Veterinary Surgeon, 
Royal Engineers ; Author of Travels on Horseback in Mantchu Tartary,” 
‘‘Horse-shoes and Horse-shoeing," “Animal Plagues,” etc. With 450 
Engravings ..... 8vo, ;^iiis.^ 

Mr. Fleming has earned the gratitude of the whole of his profession by presenting to 
the veterinary surgeon and student, in an English dress, one of the best and most com- 
prehensive of Continental text-books, enriched with additions which prove him to have 
been a conscientious student of the best writers on the Comparative Anatomy of the 
Mammalia. . . We have nothing but praise to bestow on the manner in which 
Mr. Fleming has performed his ytoxV^'-^Medico-Chirurgical Review, 

T. H. Huxley 

A MANUAL OF THE ANATOMY OF VERTEBRATED 
ANIMALS. By Prof. Huxley, LL.D., F.R.S. With numerous Engrav- 
ings [Fcap 8vo, I2S. 

By the same Aeuthor 

INTRODUCTION to the CLASSIFICATION of ANIMALS. 

With Engravings 8vo, 6s. 

S, Messenger Bradley 

MANUAL OF COMPARATIVE ANATOMY AND 
PHYSIOLOGY. By S. Messenger Bradley, F.R.C.S., Senior Assistant 
Surgeon to the Manchester Royal Infirmary. Third Edition, with 61 
Engravings Post 8vo, 6s. 6d. 

0 

W. M. Ord 

NOTES ON COMPARATIVE ANATOMY : a Syllabus of 
a Course of Lectures delivered at St. Thomas’s Hospital. By William 
Miller Ord, M.B. Lond., M.R.C.P., Assistant-Physician to the Hospital, 
and Lecturer in its Medical School . • • . • Crown 8 vo, 5^ 

** Compact, lucid, and well arranged. We have gone through it carefully, and 
These Notea wUl, if well used, be valuable we are thoroughly satisfira with the manner 
to learners, perhaps stiU more so to in which the author has disdiarged his task.*' 
teachers.** — Nature, — Pop, Science Review, 


W, WhaiUy 

THE HUMAN EYE. WITH REMARKS ON THE EYES 

OF INFERIOR ANIMALS; A Popular Description. ByW.WHAUJsy, 
M.R.C.S: With 40 Engravings , . . Fcap 8vo, 3s. 
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John Shea 

A MANUAL OF ANIMAL PHYSIOLOGY. With Appendix 
of Examination Questions. By John Shea, M.D., B.A, Lond. With 
numerous Engravings Fcap 8vo, Ss. 6d. 


VESTIGES of the NATURAL HISTORY OF CREATION. 

With 100 Engravings. Eleventh Edition . . Post 8vo, 7s. 6d. 

0 

J, Rcay Greene 

TABLES OF ZOOLOGY: indicating the Tribes, Sub-Orders, 
Orders, and Higher Groups of the Animal Kingdom, for Students, 
Lecturers, and others. By J. Reay Greene, M.D., Professor of Natural 
History in the Queen’s University in Ireland. Three large sheets, 5s. 
the set ; or, mounted on canvas, with roller and varnished . .12s. 6d. 

*** These Tables have been carefully prepared in accordance with the present state of 
science, and with a view to remove the difficulties which arise from the various opinions 
held by different zoologists. 

Andrero Wilson 

THE STUDENT’S GUIDE TO ZOOLOGY: 

A Manual of the Principles of Zoological Science. By Andrew Wilson, 
Author of Elements of Zoology,” and Lecturer on Zoology, Edinburgh. 

With Engravings Fcap 8vo, 6s. 

“It is alike lucid and well aiyanged.” — Med, Times and Gaz, 

“ Really a good book, well and clearly written.” — Edm. Med. Jour. 

“ A trustworthy guide.” — Lancet. 

“The illustrations aic clear, and the whole work is elegant and compact.” — Med. 
Chir. Re7\ 

o 

Ji. Dunglison 

MEDICAL LEXICON: A DICTIONARY OF MEDICAL 

SCIENCE. Containing a Concise Explanation of the various Subjects 
and Terms of Anatomy, Physiology, Pathology, Hygiene, Therapeutics, 
Pharmacology, Pharmacy, Surgery, Obstetrics, Medical Jurisprudence, and 
Dentistry, Notices of Climate and of Mineral Waters, Formulae for Officinal, 
Empirical, and Dietetic Preparations ; with the Accentuation and Etymo- 
logy of the Terms, and the French and other Synonyms. By Robley 
Dunglison, M.D. New Edition, by Richard J. Dunglison, M.D. 

[Royal 8vo (1,130 pp.), 28s. 

The object of the author from the oul.set has been to make the work an epitome 
of the existing condition of medical science. Starting with this view, the great demand 
which has existed for the work has enabled him, in re|)eated revisions, to augment its 
completeness and usefulness, until at length it has attained the position of a recognised 
and standard authority. 
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/?. G, Mayne and J. Mayne 

MEDICAL VOCABULARY : being an Explanation of all 
Names and Phrases used in the various departments of Medical Science 
and Practice, giving their Derivation, Meaning, Application, and Pro- 
nunciation. Fourth Edition . . . Fcap 8vo, los. 

** We have referred to this work hundreds Botanical, and Pharmaceutical Terms are 
of times, and have always obtained the in- to be found on almost every page.# — 
formation we required . . . Chemical, Chemist and Druggist. 

o 

( 7 . Dawson\ 

A MANUAL OF PHOTOGRAPHY. By George 

Dawson, M.A, Ph.D., Lecturer on Photography in King^s College, London. 
Eighth Edition, with Engravings . . Fcap 8vo, 5s. 6d. 

“The new edition of this excellent many new methods and materials which 
manual, which is founded on and incorpo- are so frequently being introduced, make it 

rates as much of Hard wich’s ‘ Photographic essential that any book professing to keep 

Chemistry ’ as is valuable in the present up to the times must be frequently revised, 
further advanced stage of the art, retains and Dr. Dawson has in this work presented 

its position as the best work on the subject the subject m its most advanced position.” 

for amateurs, as well as professionals. The — Nature^ May 29, 1873. 

Lake Price 

A MANUAL OF PHOTOGRAPHIC MANIPULATION. 

By Lake Price. Second Edition, with numerous Engravings. 

[Crown 8vo, 6s. 6d. 

*** Amongst the Contents are the Practical Treatment of Portraits — Groups in the 
Studio— Landscapes Groups in Open Air — Instantaneous Pictures — Animals — Architec- 
ture — Marine Subjects — Still Life — Copying of Pictures, Prints, Drawings, Manuscripts, 
Interiors — Stereoscopy in Microphotography, &c., and Notices of the last Inventions 
and Improvements in Lenses, Apparatus, &c. 

“ In these days, when nearly every intel- desire to enter on this path, Mr. Lake 

ligent person can, after a few weeks, master Price, in the volume before us, proves 

the manipulatory details of our art-science, himself to be ‘a guide, philosopher, and 
attention to the artistic treatment of sub- friend.’ ” — The British Journal of Pkoto^ 

jects is a matter for the serious considera- graphy. 
tion of the Photographer ; and to those who 

C Brooke 

THE ELEMENTS OF NATURAL PHILOSOPHY. By 
Charles Brooke, M.B., M.A., F.R.S. Based on the Work of the late 
Dr. Golding Bird. Sixth Edition, with 700 Engravings. 

0 [Fcap. 8vo, I2S. 6d, 

G. F. Rodwell 

NOTES ON NATURAL PHILOSOPHY: 
Lectures delivered at Guy’s Hospital, by G. F. Rodwell, F.R.A.S., 
Science Master in Marlborough College. With 48 Engravings, 

[Fcap 8vo, 5s, 

“ As an introductory text-book for this the derivations of scientific terms.'* — 
Examination [the Preliminary Scientific Nature. 

(M.B.) of the University of London], it is “ A well-arranged and carefully-written 
quite the best one we have seen . . The condensation of the leading facts and prin- 
* Notes ’ chiefly consist oF lucid and con- ciples of the chief elements of Natural 
else definitions, and everywhere bristle with Philosophy.” — Chemical News, 
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The following Catalogues issued ^ Messrs Churchill 
will be forwarded post free on application: 

Messrs CktirchilPs General^ List of nearly 600 works on 
Medicine^ Surgery^ Midwifery , Materia Medica, Hygiene^ 
Anatomy, Physiology, Chemistry, &c., &€,, with a complete 
Index to their Titles for easy refere^ice, N.B. This List 
includes Nos. 2 and 3. 

2. Selection from Messrs Church UP s General List, comprising 

all recent works published by them on the Art and Science 
of Medicine. 

3. A Selected and Descriptive List of Messrs ChurchilPs works 

on Chemistry, Materia Medica, Pharmacy, Botany, Photo^ 
graphy. The Microscope, and other branches of Science. 

4. Messrs ChurckUrs Red-Letter List, giving the Titles of 

^forthcoming New Works and New Editions. 

[Published every October.] 

5. TJ^LMedical Intelligencer, an Annual List of New Works 

' < and New Editions published by Messrs J. & A. Churchill, 
^ together with Particulars of the Periodicals issued from 
jJheir House. 

';{Sent at the commencement of ench year to every ^ipSacal Practitioner iOt 
the United Kingdom whose name and address can be c«*rtained. A 
large number are also forwarded to the United States of Amenca,' 
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